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ABSTRACT 
The genus Magnolia comprises over 250 species naturally occurring in Eastern North 
America, Central America, South America, islands of the Gulf of Mexico, and Eastern 
Asia. A long history of cultivation and breeding going back to the early nineteenth 
century reveals a common trend of reproductive compatibility throughout this group of 
basal angiosperms. Interspecific hybridization has led to plethora of ornamental cultivars 
that have proven adaptable to natural and cultivated habitats beyond the range of each 
species. Understanding of taxonomic relationships between species has evolved as 
observations of morphological characteristics and genetic analyses have been more 
thoroughly investigated. The objectives of this research were to 1) Perform crosses that 
lead to novel hybridization, 2) improve understanding of inheritance of morphological 
traits through the phenotypic variation observed in hybrid progeny, and 3) improve 
understanding of inheritance of morphological traits through the analysis of the molecular 
variation observed in hybrid progeny.  
Over 30 novel crosses were performed with species and previously developed 
hybrids from each of the 3 recognized subgenera and 9 of the 12 recognized sections. 
Progeny were raised, and hybridity verified by intermediate morphological 
characteristics. In selected crosses, hybridity was also supported by intermediate relative 
genome size determined by flow cytometry or by DNA separation by gel electrophoresis. 
Successful interspecific crosses were achieved within and between sections, and 
intersubgeneric crosses were achieved with Magnolia lotungensis of Section 
Gynopodium. Intersectional crosses typically provided fewer offspring for evaluation 
iii 
than intrasectional crosses. A comparative study of sibling variation was performed with 
an intrasectional cross, Magnolia foveolata × Magnolia laevifolia (Section Michelia), and 
an intersectional cross, Magnolia sieboldii (Section Rytidospermum, Subsection Oyama) 
× Magnolia insignis (Section Manglietia). The morphometric comparisons of hybrid 
populations displayed a gradient of intermediacy typically seen in inheritance influenced 
by quantitative trait loci in the intrasectional hybrid for the majority of the measured 
traits. However, in the intersectional hybrid, the presence of extreme phenotypes 
evidenced by multiple traits exhibiting negative heterosis indicated inheritance influenced 
by transgressive segregation. Inter Simple Sequence Repeat (ISSR) markers revealed 
35.7% polymorphism among siblings in the intrasectional cross and 45.2% 
polymorphism in the intersectional cross. These polymorphism percentages are 
comparable to other woody plant species indicating adequate genetic variation is present 
for interspecific magnolias to undergo speciation in the absence of reproductive barriers. 
In a combined analysis of each set of hybrids and parental taxa, a pairwise matrix of 
relative genetic distances revealed no significant difference in the distance between 
parental species in the intersectional (0.362) and intrasectional (0.392) cross. An unrooted 
Neighbor Joining dendrogram clustered the taxa into two groups with hybrid progenies 
distinct from their parents. The greatest genetic distance was between each set of new 
hybrids (0.763) illustrating ongoing divergence via hybridization. These genetic 
variations also present many opportunities for selection of superior ornamental plants. 
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CHAPTER ONE 
 
INTRODUCTION 
 
 
Background 
 
 The Genus Magnolia is revered throughout the horticultural world for the 
beauty and interest it lends to its natural and cultivated habitats. In 1980, The Journal of 
the American Magnolia Society published a posthumous comment from E.H. Wilson, the 
famous 19th century British plant explorer: “No group of trees and shrubs is more 
favorably known or more highly appreciated in gardens than magnolias, and no group 
produces larger or more abundant blossoms.” (Wilson, 1980). In addition to the 
ornamental merits of magnolias, certain species are valued for timber, food, medicine, 
and cosmetics (Hu, 2000; Ling, 2000; Li, et. al, 2000). The distribution of plants in the 
family Magnoliaceae also lends significant data to study plant evolution and 
biogeography (Cicuzza et al., 2007).   
Magnolia species worldwide include populations in Eastern North America, 
Central America, South America, the islands in the Gulf of Mexico, and Eastern Asia. 
The fossil record reveals the early range of Magnolia species across the North American 
continent, dating back to the Miocene Era was discovered in Northern Idaho (Baranova 
and Figlar, 2000, Weiss, 1990). Glaciation and continental drift explain the disjunct 
nature of North American and Asian populations. Nie, et. al (2008) estimated a period of 
global cooling in the Early Eocene (54 mya) as the beginning of a complex pattern of 
divergent evolution. Species within Subgenus Yulania were results of a divergence in the 
Middle Oligocene (28 mya). Section Michelia is most distant from the basal clade, 
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Section Taluama, in phylogenetic reconstructions by Kim et. al, (2001) and Nie, et. al 
(2008). Due to habit exploitation, fragmentation, and population decline, conservation of 
endemic species, and population studies are a current focus of research in China, 
Vietnam, and Colombia (Cicuzza et al., 2007, Cires, et. al, 2013, Serna and Velasquez, 
2009). This focus has led to studies that use molecular markers to assess genetic diversity 
at the species level (Hua and Zhi, 2011, Chen et. al, 2014)  
The taxonomic classification of magnolia has changed over the years. Within 
Magnoliaceae there were 11 named genera. Western taxonomists now recognize only two 
genera: Magnolia and Liriodendron. Prior to the 1990s, all taxonomic systems were 
developed from morphological features. The primary differentiation was fruit dehiscence 
patterns and number of ovules per carpel. Prior to 1866, these features led a series of 
taxonomists to agree on 4 genera. In 1866 Baillon reconsidered the importance of these 
morphological differences and proposed one genus with 5 sections, still based on fruit 
characteristics. By 1927, Dandy, who had access to more specimens, accounted for more 
characteristics that included flower position and gynoecium structure, and established 9 
genera. Multi-character appraisals provided opportunities for others to name new genera, 
and Lui described 15 genera. Nooteboom proposed these fruit characters developed 
independently in the family and concluded these traits should not be delimiting factors. In 
1985 Nooteboom proposed 6 genera and in 1998 he reduced this to 4 genera. Most 
international taxonomists adopted Nooteboom’s system except for Chinese who 
subscribed to Lui’s 15 genera system (Figlar, 2009).  
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Because molecular models revealed formerly monophyletic genera are clustered 
into existing clades, a one genus system was reestablished with 3 subgenera (Magnolia, 
Yulania, and Gynopodium). The formerly recognized genera were assigned sectional 
status or absorbed into existing sections based on morphological characteristics and 
molecular systematics. These alignments correlate those species clustered within a clade 
to be synonymous with a taxonomic section (Figlar, 2000, and Figlar and Nooteboom, 
2004). Ongoing work with phylogenetic reconstructions (Azuma, et. al, 2001, Kim et al., 
2001; Nie et al., 2008) and efforts to attribute synapomorphic traits to all species in 
monophyletic groups still indicate inconsistencies, notably in Section Talauma (Figlar, 
pers. com., 2017, Nie et al., 2008). Table 1.1 summarizes the classification of Figlar and 
Nooteboom (2004) with ploidy level analysis from Parris et. al. (2010).  Figure 1.1 
illustrates an updated consensus dendrogram of Magnoliaceae based on Figlar (2009), 
and Figlar (2017). 
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Table 1.1. Summary of means and ranges for 2C, holoploid genome size (pg) and 1Cx 
monoploid genome size (pg) of Magnolia spp. grouped by subgenus, section and ploidy 
level (Parris et al., 2010). 
 
 Ploidy level z 
Classification 2n = 2x = 38 2n = 4x = 76 2n = 6x = 114 
Subgenus Magnolia    
  Section Magnolia (5/41y) 
 
2C = 3.80xEw 
(3.43 - 4.40) u 
1CX = 1.90t 
(1.72 - 2.20) s 
Nv 2C = 11.18 C 
(10.83 - 11.86) 
1CX = 1.86 
(1.81 - 1.98) 
  Section Gwillimia (4/6) 
 
2C = 5.32 A 
(5.10 - 5.63) 
1CX = 2.66 
(2.41 - 2.82) 
N N 
  Section Rhytidospermum (5/18) 
      
2C = 4.27 CD 
(3.66 - 4.69) 
1CX = 2.14 
(1.83 - 2.35) 
N N 
  Section Manglietia (10/17) 2C = 4.87 B 
(4.65 - 5.25) 
1CX = 2.44 
(2.33 - 2.63) 
N N 
  Section Macrophylla (1/5) 2C = 4.57 BC 
(4.41 - 4.87) 
1CX = 2.28 
(2.21 - 2.44) 
N N 
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  Section Auriculata (1/3) 2C = 3.83 E 
(3.74 - 3.96) 
1CX = 1.94 
(1.87 - 1.98) 
N N 
  Section Kmeria (1/1) 2C = 5.51 A 
(5.51 - 5.51) 
1CX = 2.76 
(2.76 - 2.76) 
N N 
Subgenus Yulania    
  Section Yulania (14/43) 
  
2C = 4.05 DE 
(3.84 - 4.26) 
1CX = 2.02 
(1.92 - 2.13) 
2C = 8.56 A 
 (8.08 - 9.34) 
1CX = 2.14 
(2.02 - 2.34) 
2C = 12.68 A 
(11.49 - 13.47) 
1CX = 2.11 
     (1.92 - 2.25) 
  Section Michelia (17/31)  2C = 4.56  BC 
(4.23 - 4.92) 
1CX = 2.28 
(2.11 - 2.46) 
N 
 
N 
Subgenus Gynopodium    
  Section Gynopodium (2/3) 
 
 
   
  Section Manglietiastrum (1/1) 
N  
 
 
 
2C = 4.21 D 
(4.21 - 4.21) 
1CX = 2.11 
(2.11 - 2.11) 
N 
 
 
 
N 
2C = 11.93 B 
 (11.57 - 12.50) 
1CX = 1.99 
(1.93 - 2.08) 
N 
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Genus Liriodendron (2/2)  2C = 3.41 F 
 (3.35 - 3.47) 
1CX = 1.71 
(1.68 - 1.74) 
N N 
 
z Taxa assigned to given ploidy level based on estimated genome sizes and in agreement with published 
chromosome counts, if available. 
y Numbers in parentheses, following classifications, indicate the number of species sampled, and 
the total number of taxa within those species sampled. 
x Relative 2C genome sizes (pg) were determined using 4’,6-diamidino-2-phenylindole as the flourochrome 
stain.  
w Letters following Relative 2C genome sizes, within a column, are significantly different, using 
the Waller Procedure (Proc GLM, SAS version 9.1; SAS Institute, Cary, NC) for means 
separation, at P < 0.05.   
v N = No genome size reported; indicates given ploidy level was not reported or observed in this section. 
u Values represent ranges of 2C genome size for all Magnolia spp. sampled in each section.  
t Relative 1Cx mean genome sizes (pg) were calculated as: (2C mean / ploidy level). 
s Values represent ranges of 1CX genome size means for all Magnolia spp. sampled in each section. 
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Figure 1.1. Summary Magnoliaceae dendrogram illustrating sectional affiliations to 
Subgenera.  
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History of magnolia hybridization 
Since the early 19th century, many enthusiasts have bred magnolias (Callaway, 
1994). Breeding efforts reveal the importance of an in depth understanding of the 
magnolia genome. Magnolia ×soulangeana was the first named hybrid magnolia of 
garden origin and was the result of a cross between M. denudata (2n=6x=114) and M. 
liliiflora, (2n=4x=76). Despite the odd ploidy level, this pentaploid hybrid (2n=5x=95) is 
not always sterile. Since the original selection, the cross was repeated many times and 
resulted in several cultivars with limited fertility. Within the M. ×soulangeana complex, 
aneuploids are likely, but because of the high ploidy level, there may be ample genetic 
redundancy to compensate for any mismatched pairings or deletions (Kehr, 1985). Ploidy 
levels as high as 2n=9x=171 (Parris et al., 2010) have been estimated in this hybrid 
complex, supporting the theory that unreduced gametes occur in magnolia (McDaniel, 
1970). From M. ×soulangeana to present day hybridization, polyploidy poses obstacles 
in magnolia breeding. 
The U.S. National Arboretum (USNA) introduced 14 magnolia cultivars, and 13 
of them were interspecific hybrid crosses of two species with differing ploidy levels. The 
most widely cultivated magnolia introductions from the USNA, the “Little Girl” hybrids, 
resulted from a cross of M. liliiflora (2n=4x=76) with M. stellata (2n=2x=38) (USNA, 
2008).  The overall phenotype of these triploid cultivars (2n=3x=57) is intermediate to 
the parents but favors the tetraploid M. liliiflora. The popular/well-known ‘Little Girl’ 
cultivars ‘Jane’, ‘Betty’, and ‘Ann’ combine the improved characteristics of hardiness, 
late-flowering, and powdery mildew resistance from their parents (Callaway, 1994). 
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These sterile triploid cultivars have not produced any documented hybrids (Parris et al., 
2010). 
Crosses of M. virginiana (2n=2x=38) and M. grandiflora (2n=6x=114) by the 
USNA resulted in tetraploid (2n=4x=76 hybrids); ‘Maryland’ and ‘Freeman’ were 
selected from the initial cross. Phenotypically they favor the higher ploidy parent, M. 
grandiflora. McDaniel (1970) successfully backcrossed these hybrids with each parental 
species (McDaniel, 1970). The backcross with M. grandiflora resulted in a pentaploid 
plant as determined by a genome size analysis of a specimen at Magnolian Grove 
Arboretum, Six Mile, SC (Parris et. al, 2010). McDaniel (1970) speculated that this 
pentaploid would readily produce fertile gametes similar to the M. ×soulangeana hybrid 
complex. A backcross of M. virginiana × M. grandiflora to M. virginiana at the USNA 
resembled M. virginiana, and flow cytometry confirmed its triploid genome (Parris et al, 
2010). While triploid fertility has been observed in Arabidopsis, (Duszynska et al, 2013), 
triploid Magnolia are sterile, which impeded magnolia breeding efforts (McDaniel, 
1970).   
Another pair of hybrid cultivars developed at the USNA resulted from a cross 
between M. liliiflora ‘Nigra’ (2n=4x=76) and M. sprengeri ‘Diva’ (2n=6x=114). These 
pentaploids (2n=5x=95) named ‘Galaxy’ and ‘Spectrum’ have symmetrical upright 
growth habits and later flowering to avoid spring frosts. Another USNA hybrid, M. × 
‘Nimbus’, originated from a cross between the two diploid species M. virginiana and M. 
obovata (Callaway, 1994). 
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In 1954 breeders at the Brooklyn Botanic Garden in NY created a breakthrough 
cross between M. acuminata and M. liliiflora. Each parent species is 2n=4x=76. This 
cross resulted in a number of fertile tetraploid cultivar introductions, including 
‘Woodsman’ and ‘Evamaria’. Two years later Brooklyn Botanic Garden breeders 
achieved another milestone with a cross between M. acuminata (2n=4x=76) and M. 
denudata 2n=6x=114, which lead to the introduction of M. ‘Elizabeth’. This pentaploid 
hybrid is mostly infertile (Callaway, 1994).  
These two landmark crosses created opportunities for magnolia breeders. Phil 
Savage, Bloomfield Hills, MI, August Kehr, Hendersonville, NC, Dennis Ledvina, Green 
Bay, WI, and Bill Smith, Richmond, VA use inter and intra ploidy crosses with fertile 
hybrid offspring from selections of M. acuminata and cultivars from the M. 
×soulangeana hybrid complex. Todd Gresham, a prolific breeder in Santa Cruz, CA, 
created hybrids of M. ×veitchii (inlcudes M. campbellii), M. ×soulangeana, and M. 
liliiflora) to generate over 15,000 hybrid progeny. New Zealand breeders Oswald 
Blumhardt and Felix Jury are also well-known for their introductions of hybrids of these 
species. Frank Galyon of Knoxville, TN developed successful hybrids of M. stellata, M. 
denudata, M. liliiflora, and M. sprengeri (Callaway 1994). 
While the above successes in hybridization show reproductive compatibility 
between species in different sections and ploidy levels, Santamour (1979, 1979A, 1981) 
attempted crosses between species in different subgenera with the goal of introgressing 
flower color into evergreen taxa. M. virginiana (Subgenus Magnolia) was crossed with 
10 Subgenus Yulania taxa with no success. Crosses between M. grandiflora (Subgenus 
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Magnolia) and M. acuminata (Subgenus Yulania), as well as M. grandiflora (Subgenus 
Magnolia) and M. liliiflora (Subgenus Yulania) were reported as initially successful but 
no extant plants remain. Santamour proposed the introgression of red to purple 
anthocyanin pigments from the pollen parent would be likely since they occur in the cell 
sap rather than being bound in plastids, while maternal inheritance of yellow color would 
be required due to carotenoid pigments contained in plastids. Demuth and Santamour 
(1978) identified the yellow pigments in M. acuminata to be α-carotene, β-carotene, and 
lutein. Later work by Sewell et al., (1993) confirmed trace uniparental paternal 
transmission of plastids in Liriodendron (2.9%) and Magnolia (11.1%). Conversely, 73% 
of angiosperms have strict maternal plastid inheritance. They explain hybridization may 
break down barriers to male transmission and random assortment combined with higher 
dosage of maternal plastids lead to the inheritance patterns seen in Liriodendron and 
Magnolia. Li, et. al (2016) demonstrated multidirectional inheritance of anthocynanins in 
strawberry and increased intensity of anthocyanins with biparental influence. In a study 
involving Mimulus hybrids, Cooley and Willis (2009) found that pattern and intensity of 
anthocyanins were affected by hybridization, while only intensity of carotenoids was 
affected, leading to complex phenotypes. These results should be investigated with 
Magnolia. 
Twentieth century Magnoliaceae breeding efforts mostly focused within the 
Subgenus Yulania include all of the M. ×soulangeana cultivars, the “Little Girl” hybrids, 
and the yellow-flowered cultivars derived from M. acuminata. There has been less 
activity within the Subgenus Magnolia, although hybrids were produced from crosses 
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between M. virginiana and the following species: M. obovata, M. tripetala, M. 
grandiflora, and very recently, M. insignis, M. yuyuanensis, and M. sieboldii (Ledvina, 
2010, Smith, 2010). 
Several possible avenues might be explored that could lead to a plethora of new 
magnolia cultivars, especially evergreen taxa, or ultimately yield specimens that possess 
pink flowers and M. grandiflora-like foliage. If M. grandiflora owes its hexaploid 
condition to accumulation of introgressed genes from other species (McDaniel, 1970), 
then compatibilities within Subgenus Magnolia, such as Section Manglietia, require 
further investigation. The availability of germplasm from recently introduced species 
provides resources for new breeding objectives (Savage, 1975). The first major 
breakthrough involving Section Manglietia was the Magnolia insignis × Magnolia 
virginiana cross by Christopher Early of Atlanta, Georgia (Early, 2003). For the first 
time, this hybrid demonstrated intersectional compatibility and introgression of color into 
a Subgenus Magnolia hybrid. It led to subsequent work that has advanced the 
understanding of intersectional compatibility. Dennis Ledvina and Bill Smith, 
successfully performed novel crosses with M. insignis. Ledvina’s notable intersectional 
crosses include M. sieboldii × M. insignis and M. ‘Silk Road’ × M. insignis (Ledvina 
2010). Smith made a landmark cross by developing the first verified intersubgeneric 
hybrid M. lotungensis × M. virginiana. Smith also made various repetitive crosses 
between M. virginiana and M. insignis, and was the first to perform the intrasectional 
cross M. yuyuanensis × M. insignis, which resulted in pink-flowered, evergreen offspring 
hardy in USDA Zone 7. Additionally, Smith initiated new breeding efforts within Section 
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Michelia that have created new opportunities within that portion of Subgenus Yulania 
(Smith 2010). The work of Ledvina and Smith provided the impetus for the experimental 
crosses and studies documented in this dissertation. These crosses were inspired by a rich 
history of magnolia hybridizing and conducted to create new opportunities and 
discoveries for magnolia breeders. 
 
Research Objectives 
The extensive hybridization that has taken place for over a century indicates F1 
hybrids have an overall intermediate phenotype in compared to the parental species, with 
occasional heterosis (Callaway, 1994). Phenotypic intermediacy is likely influenced by 
breeders artificially selecting individuals from the hybrid progeny. Variation among 
progeny is influenced by genetic distance of the parents (Rieseberg, et. al, 1999). 
Populations derived from controlled interspecific crosses are needed to test these 
hypotheses. Therefore research with interspecific hybridization of Magnolia had the 
following objectives:  
1. Perform crosses that lead to novel hybridization  
2. Improve understanding of inheritance of morphological traits through the 
phenotypic variation observed in hybrid progeny, 
3. Improve understanding of inheritance of morphological traits through the analysis 
of the molecular variation observed in hybrid progeny.  
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CHAPTER TWO 
INTERSPECIFIC HYBRIDIZATION OF MAGNOLIA AND EVALUATION OF 
MORPHOLOGICAL VARIATION 
 
Abstract 
Interspecific hybridization has led to plethora of ornamental Magnolia cultivars 
that typically display parental traits in varying gradients of codominance, though hybrid 
vigor (heterosis) is also evident. A study of reproductive biology of magnolia was 
initiated prior to breeding work. Floral morphology, phenology, pollination timing, and 
activity of natural pollinators were observed. Magnolias exhibit protogynous dichogamy 
with optimal pollination timing dependent on the species.  Over 30 novel crosses were 
performed with species and previously developed hybrids from each of the 3 recognized 
subgenera and 9 of the 12 recognized sections. Desirable ornamental traits were 
identified for the various taxa. Breeding objectives were developed to elucidate 
inheritance of traits, yield potentially superior plants, and improve understanding of 
compatibility limitations between taxa of varying genetic distance. Interspecific, 
intersectional, and intersubgeneric crosses were successful. Pollen collection and storage 
permitted successful interphenological crosses. Progeny were raised, and hybridity 
inferred primarily by examination of morphological characteristics. Progeny from 2 
crosses were subjected to analysis of variance for various foliage morphometrics.  An 
intrasectional cross, M. foveolata × M. laevifolia, produced siblings with notable vigor 
(exceeding 3 meters within 5 years) and intermediate means for lamina length, lamina 
width, lamina index, petiole length, stipular scar length, and stipular scar length to petiole 
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length percentage when compared with the parents. Means for lamina length to width 
ratio demonstrated positive heterosis. An intersectional cross, M. sieboldii ‘Colossus’ × 
M. insignis ‘Anita Figlar’ produced siblings with modest vigor (1 meter within 4 years), 
intermediate means for lamina length to width ratio, inconsistent means for stipular scar 
length to petiole length percentage and means indicating negative heterosis 
(underdominance) for all other morphometrics. This select comparison of hybrid 
populations displays a gradient of intermediacy typically seen in inheritance influenced 
by quantitative trait loci in the intrasectional hybrid for the majority of the measured 
traits. However, in the intersectional hybrid, the presence of extreme phenotypes 
evidenced by multiple traits exhibiting negative heterosis indicates inheritance influenced 
by transgressive segregation. 
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Introduction 
McDaniel (1968), Tredseder (1978), Ledvina (1985), Callaway (1994), Langford 
(1994), Dirr (1998), and Bunting (2017) document numerous cultivars that typically 
display parental traits in varying gradients of codominance, though heterosis is also 
evident (Callaway, 1994). The literature lacks reports of analyses of variation among 
siblings, as descriptions are limited to those individuals selected for commercial 
production. Given the extensive history of magnolia cultivation, anticipated compatibility 
limitations, and combinations not yet explored, new breeding initiatives began in 2010. 
Reproductive Biology. Magnolia flowers exhibit protogynous dichogamy with pistils 
becoming receptive approximately 24 hours prior to stamen dehiscence and pollen 
release (Thein, 1974). Pistils can be receptive prior to anthesis, and carefully opened 
flowers can be pollinated prematurely to ensure the controlled cross occurs before any 
opportunity for open pollination. Duration of pistil receptivity varies among species, but 
generally pistils are receptive when recurved and moist (Fig. 2.1) along the length of the 
stigmatic surface (Callaway, 1994).  This coincides with a period of thermogenicity that 
enhances floral scent and pollinator attraction (Dieringer, 1999). This female phase with 
nectar being secreted from the gynoecium may only last several hours after the first 
anthesis. Flowers partially close during pollen tube formation and enter a male phase, 
indicated by a second anthesis, approximately 12 hours after pistils are no longer 
receptive. Stamen dehiscence and abscission varies between the subgenera. Within 
Subgenus Magnolia tepal movement typically begins mid-afternoon to evening. Stamens 
begin to pull away and abscise from the gynandrophore concurrent with pollen 
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dehiscence. Pollen adheres to pollinators crawling in the stamens collected in the base of 
the tepals. M. grandiflora differs from other species by having morning tepal movement 
and receptivity (Thein, 1974). This disparity in timing necessitates short term pollen 
storage to perform crosses of M. grandiflora with any other species and partially explains 
why no naturally occurring hybrids have been revealed, even where species such as M. 
virginiana are sympatric. In Subgenus Yulania stamens pull away from the 
gynandrophore but remain attached throughout pollen dehiscence (Thein, 1974). 
Magnolia populations have also been found to be biased toward outcrossing (Tamaki, et. 
al, 2009).  
 
Figure 2.1. Newly opened flower of M. changhungtana in female phase with moist 
stigmas ready to receive pollen. Photographed within polyethylene greenhouse at 
Spartanburg Community College, April 2012. 
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Once fertilization occurs, abiotic factors such as temperature and moisture can limit 
successful seed development. The biotic pressure of herbivorous insects like leaffoted 
bug,(Leptoglossus spp). Which feed on magnolia fruit and seed during development can 
reduce the number of viable seed (Wheeler, A. 1990). 
 
Hybridity Verification and Morphological Variation.  
Most natural variation of trait expression in plants is quantitatively determined by 
molecular polymorphisms that occur at multiple loci, known as quantitative trait loci 
(QTL) (Alonso-Blanco, et. al., 2009). Rieseberg, et al., (1993) found hybrids to be a 
combination of parental and intermediate morphological characters with F1 and advanced 
generations displaying extreme phenotypic traits. Breeding results in Theaceae with 
Schima, Franklinia, and Gordonia offer insights into the occurrence of morphological 
variations that result from wide intergeneric hybridizations of woody plant species. The 
hybrids have similar parental traits, and intermediate or heterotic for others (Ranney, et 
al., 2003, Ranney and Fantz, 2006). Intermediate traits in the intergeneric hybrid 
×Gordlinia grandiflora include leaf duration (semi-evergreen), flower shape, shoot 
pubescence, and peduncle length. Heterosis was observed in lamina length, flower 
diameter, sepal width, and petal length. The ×Gordlinia grandiflora hybrids were similar 
to Franklinia in leaf width, sepal shape, filament length, and shoot pubescence. Lamina 
length, lamina shape, and petal width of ×Schimlinia floribunda were similar to 
Franklinia. Intermediate traits included tapered leaf base, leaf apex, abaxial leaf 
pubescence, flower diameter, sepal length, petal length, and filament length. The number 
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of flowers per shoot exhibited heterosis for that trait. The QTL studies by Rieseberg et. 
al. (1999) proved that complimentary genes contribute to transgressive segregation in 
plants. They outline 4 predictions of transgression frequency. (1) greater frequency will 
occur in inbred lines as seen in domesticated plants and self-pollinating wild populations; 
(2) frequency increases with genetic distance to a point, and then declines with greater 
divergence of the parents; (3) similar parental phenotypes generate more transgression in 
F2 populations; and (4) stabilized traits are less subject to transgressive segregation than 
those with observed genetic drift. Less frequent transgressive segregation was reported in 
interspecific hybrids, than in inbred intraspecific hybrids.  
Lack of published results of interspecific magnolia offspring variation in F1 
populations provides uncertainty of breeding outcomes. Consistency of intermediacy in 
traits versus transgressive segregation revealed by frequency of positive heterosis or 
negative heterosis needs investigation with Magnolia. Verification of hybridity with 
magnolias has been traditionally accomplished by an examination of morphological 
features. In novel interspecific hybrids, the disparity in morphology between the parental 
species often make the hybridity of the generally intermediate offspring obvious. The 
first interspecific hybrid of garden origin, M. ×soulangeana, exhibits intermediacy of 
tepal color and flowering time, serving as evidence of hybridity (Callaway, 1994). 
Variations in flower color, structure, tepal count and various foliage characteristics are 
traits magnolia breeders seek to introgress which also serve as morphological markers for 
hybridity verification. Most traits can be observed in varying degrees of codominance in 
F1 progeny. Important findings with regard to color transmission in tepals come from a 
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studies by Sewell et al. (1993) and breeding work with M. insignis by Dennis Ledvina 
and Bill Smith (Ledvina, 2010, Smith 2010). Sewell found trace paternal plastid 
transmission in Liriodendron (2.9%) and Magnolia (11.1%). From a hybridization effort 
proposed by Savage (1975), Ledvina and Smith later demonstrated M. insignis can serve 
as the pollen parent and effectively impart color into the tepals of hybrids.  
De Herdia, et. al. (2018) performed leaf morphometric analyses on Quercus suber, Q. 
ilex, and their hybrids. Lamina size, shape and thickness were found to be intermediate in 
the hybrids. Fluctuating asymmetry was also significantly higher in hybrid progeny than 
the parental species. Fluctuating asymmetry in foliage can be an indication of reduced 
fitness that is influenced by genetics and environmental conditions (Handy, et. al, 2004). 
Lamina width and total area were also found to be intermediate in intraspecific hybrids of 
Prinqueta caroliniana by Handy, et. al. (2004). These studies suggest that in addition to 
hybridity confirmation, foliage analysis may reveal developmental instability evidenced 
by extreme phenotypes due to altered epistasis in recombinant progeny. 
Other foliage traits can serve as hybridity confirmation and possibly as early markers 
for other positive features of the parent. Rufous (brown) hairs are present on stems and 
leaves of many Section Michelia species. Hairs are absent on the completely glabrous 
species M. maudiae (Chen and Noteboom, 1993). The presence of hairs confirms 
hybridity in hybrids with M. maudiae.  
Most Magnolia species possess stipular scars at the bases of petioles. The ratio of the 
length of these scars relative to the overall petiole length is consistent in species. Certain 
hybrids display intermediate stipular scar percentages (Figlar, pers. comm., 2008), but the 
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reliability of this hybridity indicator has not been quantified across hybrid populations. In 
addition to these various morphological traits that can measured on established 
specimens, young plants not yet exhibiting these markers can have hybridity confirmed 
with flow cytometry, when parental species have differing ploidy levels or a significant 
disparity in genome size (Parris, et. al, 2010). 
Crossing Initiatives. Scientific inquiry regarding reproductive compatibility along 
with the commercial potential of aesthetic traits directed/guided the selection of parental 
taxa for this investigation. Throughout the extensive history of Magnolia breeding there 
has been a focus on deciduous species in Subgenus Yulania. Evergreen species recently 
established in cultivation or those not yet commercially available were a focus of this 
experimental breeding effort to lead to novel interspecific hybrids. Desirable traits were 
identified for each species by observation. (Table 2.1).   
From an ornamental standpoint, the following objectives drove the breeding 
initiatives.  
1. Introgression of color into white flowered species  
2. Diversification of garden worthy evergreen taxa  
3. Delayed bloom time on winter or early spring species 
4. Remontant flowering 
5. Compact habit for smaller gardens 
6. Improved cold hardiness or heat tolerance 
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Table 2.1 Taxa involved in experimental crosses and their desirable traits for 
introgression. 
Taxa Desirable Traits for Introgression 
Subgenus Magnolia 
M. changhungtana Large evergreen, coriaceous foliage, large flowers, thick 
tepals, red stamens, fragrance 
M. delavayii Large evergreen, coriaceous foliage, large flowers, thick 
tepals, fragrance 
M. grandiflora Large evergreen, coriaceous foliage, abaxial indumentum, 
large flowers, sometimes remontant, thick tepals, fragrance, 
cold hardiness 
M. insignis Lanceolate evergreen foliage, pink-red tepal color, fragrance 
M. macrophylla var. 
ashei 
Large foliage, large, precocious flowers, fragrance, cold 
hardiness 
M. obovata Large foliage, fragrance, cold hardiness 
M. sieboldii Shrubby habit, precocious flowers, red stamens, cold 
hardiness 
M. tripetala Large foliage, cold hardiness 
M. virginiana 
Texas/Lousiana Form 
Larger flowers than typical for the species, cold hardiness, 
fragrance, remontant flowers 
M. yuyuanensis Long, narrow lanceolate, evergreen, coriaceous foliage, red 
stamens 
Subgenus Yulania 
M. acuminata Yellow tepal color, cold hardiness, late flowering 
M. champaca Yellow- Orange tepal color, late flowering, fragrance 
M. figo var. crassipes Evergreen foliage, dark, glossy foliage, purple flower color, 
late flowering, cold hardiness, compact habit, fragrance 
M. foveolata Large evergreen, coriaceous foliage, abaxial indumentum, 
adaxial indumentum, fragrance, cold hardiness 
M. laevifolia Evergreen foliage, abaxial indumentum, compact habit, 
precocious and remontant flowers, flowers fully open in 
male phase 
M. maudiae Evergreen foliage, large flowers, fragrance, occasionally 
remontant 
M. zenii Pink tepals, cold hardiness 
Subgenus Gynopodium 
M. lotungensis Glossy evergreen foliage, red-purple tinted new growth, cold 
hardiness 
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Introgression of color into white flowered species 
 Color introgression has been successful in magnolia hybridization as evidenced 
by M. denudata × M. liliiflora, M. denudata × M. acuminata, M. stellata × M. liliiflora 
(Treseder, 1978; Callaway, 1994; Langford, 1994; Dirr, 1998; Bunting, 2017), M. 
sieboldii × M. insignis, and M. yuyuanensis × M. insignis (Figlar, 2011). In this work, M. 
figo var. crassipes was used as a source for tepal coloration in Subgenus Yulania crosses, 
and M. insignis was used as a source for tepal coloration in Subgenus Magnolia crosses. 
Diversification of garden worthy evergreen taxa  
Species within Section Manglietia were selected for breeding for the dimensions and 
quality of their evergreen foliage, combined with the color and fragrance of their flowers. 
Recent interest among breeders in the cultivation of Asian evergreen species has 
increased with reports of hardiness and adaptability (Figlar, 2011). Species such as M. 
changhungtana, M. insignis, M. kwangtungensis, and M. yuyuanensis of Section 
Manglietia have stand-alone ornamental merit, yet none are widely commercially 
available. Few mature seed-bearing specimens exist of these species in North American 
and European gardens. Often solitary garden specimens are slow to mature or never 
produce copious amounts of seed because of lack of pollinators or predation of fruit. 
Reproductive compatibility exists between Section Manglietia and Section 
Rhytidospermum, adjacent clades in recent molecular phylogenies (Azuma et. al., 1999, 
2000, 2001; Kim, et. al, 2001; Nei, et. al, 2008), and Section Magnolia as demonstrated 
by the work of Dennis Ledvina and Bill Smith. The numerous ornamental qualities of M. 
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grandiflora coupled with greater cold hardiness than Section Manglietia species, make it 
worthy of incorporation in a variety of crosses.  
Species within Section Michelia were chosen for their evergreen nature. Species such 
as M. laevifolia, M. foveolata, and the purple-flowered variation, M. figo var. crassipes, 
are relatively new to cultivation. While landscape/garden-worthy species, hybridization 
within this group has not been thoroughly explored.  
Retention of evergreen traits in hybrids derived from crosses between deciduous and 
evergreen species has not been thoroughly explored in Magnolia. In specimens of the 
diploid hybrid, M. ×thompsoniana, a deciduous nature is exhibited as influenced by the 
M. tripetala parent, even when a reliably evergreen M. virginiana is incorporated in the 
cross. In interploid examples, the parent with a higher ploidy level controls leaf 
retentiveness. In the cross of diploid M. sieboldii (2n=2x=38) × hexaploid M. grandiflora 
(2n=6x=114), the resulting tetraploid offspring remain evergreen like the hexaploid 
parent as can be observed in the commercially available cultivar ‘Exotic Star’. In the 
tetraploid M. acuminata (2n=4x=76) × diploid M. figo (2n=2x=38), observed specimens 
are deciduous like the higher ploidy parent. Certainly more can be learned about foliage 
duration and retention by attempting additional novel interploid crosses. 
  
Delayed bloom time of winter or early spring species 
 Winter and early spring injury to flowers is a common occurance on early 
blooming species and hybrids, such as M. denudata, M. stellata, M. maudiae, and M. 
×soulangeana. Delayed flowering occurs in hybrids which incorporate M. acuminata and 
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M. liliiflora.. The flowering season of M. figo var. crassipes begins in mid-April and 
extends to early June in USDA Cold Hardiness Zone 7, later than other Section Michelia 
taxa. 
Remontant flowering 
 Remontancy is an important attribute of some of the most popular magnolia 
cultivars, such as M. grandiflora ‘Little Gem’, and the M. stellata × M. liliiflora cultivars 
introduced by the United States National Arboretum (USNA).  Individuals possessing 
remontant tendencies used in this work included M. laevifolia ‘Gail’s Favorite’, M. 
maudiae, M. figo var. crassipes, M. virginiana (Texas/ Louisiana Form), and M. 
grandiflora ‘Kay Parris’. 
Compact habit for smaller gardens 
 The mature size of magnolias can be a limiting factor when considering them for 
landscape use. In addition to size, a dense branching habit is desirable when magnolias 
are used for screening purposes. In Subgenus Magnolia, M. sieboldii, known for its 
shrub-like habit, and selected cultivars with compact habits such as M. grandiflora ‘Kay 
Parris’, were used in multiple crosses. In Subgenus Yulania, M. laevifolia cultivars and 
M. figo var. crassipes were selected because they are densely branched. 
 
Improved cold hardiness or heat tolerance 
While magnolia species may achieve any of the aforementioned breeding objectives, they 
may also impart a lack of cold or heat tolerance. For example, the desirable orange flower 
color and fragrance of M. champaca is coupled with an inability to survive sub-freezing 
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temperatures. Hybridization of M. champaca with other species in Section Michelia may 
lead to elevated cold hardiness in the offspring. Likewise, while the desirable red tepals 
of M. insignis attract breeders, it will not survive regions north of USDA Cold Hardiness 
Zone 7a.  
Alternatively, the extremely cold hardy M. sieboldii requires partial shade and moist soil 
to survive the heat of the southeastern U.S. The hybridization of M. sieboldii and M. 
insignis could possibly lead to offspring which survive in environments beyond the 
typical range of the parents.. In the documented span of these breeding initiatives 
preliminary observations of cold tolerance were made during low temperatures of -13°C, 
-12°C, and -11°C on consecutive evenings in 2014, and over 100 consecutive hours 
below 0°C in 2018. 
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Material and methods 
To achieve the stated breeding objectives interploid, interspecific, intersectional, 
intersubgeneric, intergeneric and interphenological crosses were attempted to gain insight 
into reproductive compatibility, inheritance of traits, morphological and genetic variation 
in F1 hybrids, fertility of F1 hybrids to allow for backcrosses, and development of 
complex hybrids. Between 2009 and 2018, taxa representing 22 species, 9 sections, each 
of the 3 subgenera, and Liriodendron tulipifera were involved in novel interspecific 
crosses or repetitions of crosses previously performed by other breeders. Table 2.2 
summarizes the attempted crosses.  
 
Table 2.2 Novel Interspecific Magnolia crosses attempted 2009-2018 arranged by 
Subgenus and Section.  
Subgenus Magnolia  
Intrasectional 
Section Magnolia 
virginiana × grandiflora 
Section Manglietia 
changhungtana × insignis 
sapaensis × insignis 
yuyuanensis × changhungtana 
yuyuanensis × insignis 
Intersectional 
Section Gwillimia × Section Magnolia 
delavayii × grandiflora 
delavayii × virginiana 
Section Macrophylla × Section Magnolia 
macrophylla × grandiflora 
Section Macrophylla × Section Manglietia 
macrophylla var. ashei× insignis 
Section Magnolia × Section Manglietia 
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Table 2.2, cont. 
virginiana × insignis 
virginiana × changhungtana 
Section Manglietia × Section Auriculata 
 insignis × fraseri 
Section Manglietia × Section Magnolia  
insignis × grandiflora 
changhungtana × grandiflora 
sapaensis × virginiana 
yuyuanensis × virginiana 
Section Rhytidospermum × Section Macrophylla 
sieboldii × macrophylla var. ashei 
Section Rhytidospermum × Section Magnolia 
sieboldii × grandiflora 
Section Rhytidospermum × Section Manglietia 
[tripetala × (obovata × tripetala)] × insignis 
{[tripetala × (obovata × tripetala)] × insignis}× insignis 
{[tripetala × (obovata × tripetala)] × insignis}× yuyuanensis 
sieboldii × {[tripetala × (obovata × tripetala)] × insignis} 
sieboldii × changhungtana  
sieboldii × insignis 
sieboldii × yuyuanensis  
Subgenus Yulania 
Intrasectional 
Section Michelia 
champaca × figo var. crassipes 
figo var. crassipes × (foveolata × laevifolia) 
figo var. crassipes × laevifolia 
foveolata × laevifolia  
foveolata × laevifolia × figo var. crassipes 
(laevifolia × champaca) × figo var. crassipes 
(laevifolia × champaca) × (laevifolia × maudiae) 
(laevifolia × maudiae) × figo var. crassipes 
[(laevifolia × maudiae) × figo var. crassipes ]× (foveolata × laevifolia) 
[foveolata × laevifolia × figo var. crassipes] × [(laevifolia × maudiae) × figo var. 
crassipes] 
Intersectional 
Section Michelia × Section Yulania 
(laevifolia × maudiae) × zenii 
Section Yulania × Section Michelia 
acuminata var. subcordata ‘Miss Honeybee’ × figo var. crassipes 
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stellata × figo var. skinneriana 
Intersubgeneric 
Subgen. Gynopodium Sec. Gynopodium × Subgen. Magnolia Sec. Magnolia 
lotungensis × virginiana 
Subgen. Magnolia Sec. Magnolia × Subgen. Gynopodium Sec. Gynopodium 
grandiflora × lotungensis  
Subgen. Magnolia Sec. Rytidospermum × Subgen. Gynopodium Sec. 
Gynopodium 
sieboldii × lotungensis  
Subgen. Yulania Sec. Michelia × Subgen. Magnolia Sec. Magnolia 
figo var. skinneriana× grandiflora 
figo var. crassipes× grandiflora 
Intergeneric 
M. acuminata var. subcordata ‘Miss Honeybee’ × Liriodendron tulipifera 
 
Pollen Collection, Storage, and Application Procedures. Pollen collection methods 
depended on taxa. Flowers from species within Subgenus Yulania were harvested once 
the post female phase was indicated by tepal closure following initial anthesis. Tepals and 
gynoecium were removed and the remaining peduncle, receptacle, and androecium 
placed upside down on a sheet of paper. Within 12 hours, dehisced pollen, free of 
stamens, was collected and promptly applied to a receptive flower or prepared for 
storage. Controlled pollinations of taxa within Subgenus Yulania were performed at 
variable times because tepal movement begins more sporadically over the course of a 
day. Proleptic branch initiation observed in this Subgenus generates more densely 
arranged branches and flower buds (Figlar, 2000). The abundance of flowers provides 
breeders and pollinators more opportunities to transfer pollen to flowers at appropriate 
stages of development. This is exhibited in Section Michelia species which are often 
densely branched and shrublike. All of the successful crosses within Subgenus Yulania 
reported in this work were performed between 9:00 AM and 3:00 PM. 
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Because stamens abscise from the androecium simultaneously with pollen 
dehiscence in Subgenus Magnolia taxa, the above procedure was followed by  removal of 
stamens from accumulated pollen prior to storage. In application of fresh pollen, a 
mixture of stamens and pollen were deposited in female phase flowers. The window of 
pollen receptivity was observed to be just a few hours on any given tree. Species within 
Section Manglietia displayed evening tepal movements typical for the majority of species 
in Subgenus Magnolia. All of the successful crosses reported in this work with M. 
grandiflora as a seed parent were performed between 9:00 am and 12:00 pm. Successful 
crosses reported with other Subgenus Magnolia species were performed between 3:00 pm 
and 10:00 pm. 
 
Techniques used for Cultivation of Magnolia Seedlings 
Due to the limited availability of parent plants, flowers, and viable seed, early 
stages of cultivation developed protocols based on experience to build populations for 
investigation of morphological and molecular variation.   
 
Seed Harvest and Handling. In breeding study locations where leaf-footed bugs 
(Leptoglossus spp.) were observed, developing fruit was protected by wire mesh to better 
ensure fruit and seed maturation. Containerized, greenhouse parent plants remained free 
of predation and eliminated the need for protection. In all crosses, fruit was inspected 
weekly, more frequently near anticipated ripening. Fruit was harvested at the earliest 
indication of follicle dehiscence and dried at room temperature (20 C) for 1-2 days until 
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most seeds were visibly exposed. Seed was manually removed from the fruit and test for 
viability with the “float test” (Fig. 2.2). Seed with filled endosperm will sink and 
assumed to be viable; floating seed was discarded. 
  
Figure 2.2. Fruit at the time of harvest (left), and the float test indicating 100% filled 
seed (right) from the Magnolia changhungtana MGA 300 × Magnolia insignis ‘Anita 
Figlar’ cross. September 2012. 
 
After 24-48 hours the sarcotesta (seed covering) was manually removed after a series 
of water rinses. Then the seed was dipped in a 10% sodium hypochlorite solution for 1 
minute, triple-rinsed with tapwater, and then air-dried on a paper towel for 30 min. Seed 
were placed in 5.1 cm × 7.6 cm resealable plastic bags with 2 g of slightly moist, finely 
milled sphagnum peat moss or coarse sphagnum. When seeds were plentiful, bags were 
limited to 20 seeds. Stratification duration was 4-6 months at 4.4° C and inspected 
monthly for signs of fungal contamination. Infected seeds were discarded and the 
remaining seeds were retreated with a 10% sodium hypochlorite rinse.  
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Germination and Early Establishment. Individual lots of seed were transferred from cool 
moist stratification to a greenhouse bench on intermittent bottom heat of 15.5-26.7°C. 
Roots and hypocotyls emerged in 3-4 weeks in the opened bags. Cotyledons unfolded on 
many of the seedlings prior to their removal. The pre-germinated seedlings were 
transplanted to 3.8-L containers (15-20 seedlings/container) in a milled pine bark and 
perlite (2:1, v/v) media amended with dolomitic lime (3.6 kg∙1.3 m-3) mol∙m-2∙d-1, and 
micronutrients (Micromax®∙1 kg∙m-3, Grace-Sierra, Milpitas, California). This coarse 
substrate mixture facilitated transplanting into containers. Seedling roots were positioned 
at a depth that accommodated a shallow layer of perlite at the hypocotyl-radicle axis. One 
week after transplanting the seedlings into containers, seedlings were watered using a 4-
12-4 liquid fertilizer at concentration of 10 ml/L (Miracle-Gro® Quick Start®, Scotts 
Miracle-Gro, Marysville, Ohio). Seedlings were top-dressed with 14 g of granular 
organic ranular organic fertilizer with mycorrhizae (Bio-tone® Starter Plus 4–3–3, 
Espoma Company, Millville, NJ). Containers were cultured on raised benches in a 
greenhouse with air temperature ranging from 13° to 32°C and soil temperature ranging 
from 20° to 27°C. Containers were inspected daily for symptoms such as wilt, discolored 
foliage, or constrictions in the hypocotyl. Affected plants were rogued from containers 
and remaining plants were treated with 22% mefenoxam fungicide spray and drench 
(Subdue®, Syngenta, Research Traingle, NC). New transplants were watered twice daily 
for 5 to 7 days.  Established seedlings were watered every 1 to 2 days, varying slightly 
depending on temperature and frequency of greenhouse ventilation.  
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To prevent snail and slug damage, diatomaceous earth (Perma-Guard Inc., North Salt 
Lake, UT) was dusted on the container media and scattered on the gravel greenhouse 
floor. Methiocarb (Mesurol®, Crop Science Bayer, Research Triangle Park, NC) was also 
applied at the first indication of a building population. Wire cages protected newly 
germinated seedlings and young transplants from rodent injury. 
 
Analysis of Morphological Variation 
Anecdotal evidence regarding hybridity confirmation by morphological features 
prompted an examination of parents and extant individuals from the progeny of the 2010 
intrasectional cross M. foveolata ‘Shibamichi’ × M. laevifolia ‘Gail’s Favorite’ and the 
2014 intersectional cross M. sieboldii ‘Colossus’ × M. insignis ‘Anita Figlar’. These 
parents and progeny were selected because the progeny sizes consisted of enough 
individuals to analyze and represented hybrid populations from a intrasectional and an 
intersectional cross. Detailed morphological analysis was limited to foliage 
morphometrics because floral characteristics could not yet be evaluated across the entire 
populations. Six leaves were harvested from each of the hybrid siblings in trial beds at the 
Spartanburg Community College Arboretum. Ten leaves were harvested from each of the 
parent taxa at Magnolian Grove Arboretum, Six Mile, SC, the Spartanburg Community 
College Arboretum, Spartanburg, SC, and the J.C. Rauslton Arboretum, Raleigh, N.C. In 
each collection, leaves from randomly selected branches were harvested from current 
season’s growth, 4-5 nodes below the terminal bud. The following morphometric 
characteristics were measured to the nearest millimeter: lamina length, lamina width, 
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lamina length to width ratio, lamina index (lamina length ×lamina width), petiole length, 
stipular scar length, and stipular scar length to petiole length percentage. These 
characteristics of parents and hybrid progeny were analyzed using one-way analysis of 
variance (ANOVA) and the Student’s t test, α=0.05. (JMP Pro 13.1, ©2016 SAS Institute 
Inc.). 
 
Results and Discussion 
In each of the crosses that produced viable offspring, hybridity was verified by 
differences in morphological traits. In two crosses, hybridity was also verified using flow 
cytometry as determined by intermediate relative genome size. Successful hybridization 
was not achieved between Section Macrophylla and Section Magnolia, Subgenus 
Yulania/Section Michelia and Subgenus Magnolia/Section Magnolia, or Genus 
Magnolia/Subgenus Yulania and Genus Liriodendron. Numerous successful interspecific 
crosses were achieved within and between sections, and new intersubgeneric hybrids 
were developed. (Table 2.3)  
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Table 2.3. Novel interspecific Magnolia seed harvests 2010-2017 leading to germinated 
plants. Crosses discussed in this chapter are designated with a *. 
Seed parent Pollen Parent Breeder/Year z 
Subgenus Magnolia 
changhungtana insignis ‘Anita Figlar’ Parris y2012,2016* 
delavayii virginiana (SCC Tex/Lou) Figlar x, Parris 
2011 
insignis ‘Anita Figlar’ fraseri (New River Gorge 
WVa) 
Parris 2010* 
macrophylla var. ashei insignis ‘Anita Figlar’ Parris 2012, 2013* 
sapaensis insignis ‘Anita Figlar’ Parris 2013 
sapaensis virginiana var. australis 
'Perry Paige' 
Parris 2013* 
sieboldii 'Colossus' macrophylla var. ashei Parris 2014, 2015* 
sieboldii 'Colossus' changhungtana Parris 2016* 
sieboldii 'Colossus' insignis ‘Anita Figlar’ Ledvina w 2010 
Parris 2014* 
sieboldii 'Colossus' yuyuanensis Parris 2014* 
sieboldii 'Colossus' grandiflora 'D.D. 
Blanchard' 
Parris 2015* 
sieboldii 'Colossus' grandiflora 'Kay Parris' Parris 2013, 2016* 
[tripetala × (tripetala × obovata)] 'Silk 
Road' 
Insignis Ledvina, Parris 
2010* 
[tripetala × (tripetala × obovata)] 'Silk 
Road' × insignis ‘Anita Figlar’ 
insignis ‘Anita Figlar’ Parris 2015* 
[tripetala × (tripetala × obovata)] 'Silk 
Road' × insignis ‘Anita Figlar’ 
virginiana SCC Tex/Lou Parris 2015 
yuyuanensis × insignis o.p. self 2016 
virginiana SCC Tex/Lou grandiflora 'Kay Parris' Parris 2011* 
yuyuanensis changhungtana Parris 2012 
yuyuanensis virginiana SCC Tex/Lou  Parris 2013* 
yuyuanensis insignis  Smith v 2010, 
Parris 2012* 
Subgenus Yulania 
acuminata var. subcordata ‘Miss 
Honeybee’ 
figo var. crassipes Parris 2012* 
champaca figo var. crassipes Parris 2017 
figo var. crassipes (foveolata × laevifolia) Parris 2013* 
figo var. crassipes  laevifolia 'Jenkins' Parris 2010* 
 
 42 
Seed parent Pollen Parent Breeder/Year z 
foveolata 'Shibamichi' laevifolia 'Gail's Favorite' Parris 2010* z 
(foveolata × laevifolia) Clone L figo var. crassipes Parris 2013* 
(foveolata × laevifolia) Clone M figo var. crassipes Parris 2014* 
(foveolata × laevifolia) Clone H figo var. crassipes  Parris 2013* 
laevifolia champaca Smith 2010 
laevifolia maudiae Smith 2010 
(laevifolia × champaca) figo var. crassipes Parris 2013* 
(laevifolia × champaca) (laevifolia × maudiae) Parris 2013* 
(laevifolia × maudiae) figo var. crassipes Parris 2012, 2013* 
(laevifolia × maudiae) zenii ‘Pink Parchment’ Parris 2014 
(× Fairy Blush) (foveolata × laevifolia) Parris 2013 
stellata 'Royal Star' figo var. skinneriana Parris 2010 
Intersubgeneric Crosses 
grandiflora ‘Little Gem’ (Magnolia) lotungensis (Gynopodium) Parris 2015* 
lotungensis (Gynopodium) virginiana (Magnolia) Smith 2012 
sieboldii 'Colossus' (Magnolia) lotungensis (Gynopodium) Parris 2015* 
z Breeders performing the cross and years performed.  
y Kevin Parris, Spartanburg, SC.  
x Richard Figlar, Six Mile, SC  
w Dennis Ledvina, Green Bay WI  
v Bill Smith, Richmond, VA.  
 
 
The following is a summary of the most notable successful crosses. Intersectional 
crosses typically provided fewer offspring for evaluation than intrasectional crosses. A 
brief history of each cross is given with significant morphological results described. 
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Subgenus Magnolia crosses 
M. insignis (Section Manglietia) × M. fraseri (Section Auriculata) 2010 Parris/ Figlar/ 
Johnston (Fig. 2.3) 
This hybrid represents an intersectional and interphenological cross, due to the natural 
disparity in flowering times. Pollen was harvested from a M. fraseri specimen located in 
the New River Gorge of West Virginia in May 2010, dried, separated from stamens and 
stored on paper overnight. The following evening this pollen was transferred to 5 flowers 
of M. insignis ‘Anita Figlar’ at Magnolia Grove Arboretum in Six Mile, S.C. The 
flowering of M. fraseri typically precedes the flowering of M. insignis by about 3 weeks 
when plants are grown in the same geographic region and environmental conditions. Two 
fruits developed, 11 viable seeds were harvested in September 2010, and stratified for 5 
months. Six seeds germinated and were cultivated in containers at Spartanburg 
Community College (SCC). Hybridity of progeny was readily determined by the presence 
of a truncate leaf base rather than the cuneate shape of the seed parent. Leaf apices of the 
progeny were also obovate rather than acuminate as in the seed parent. These features 
showcase the traits of the pollen parent with an auriculate leaf base and obovate leaf 
shape. Relative genome size was 4.38 pg, as determined by the Mountain Crop 
Improvement (MCI) Lab of North Carolina State University, intermediate to the 
documented size of the parental species (Parris et al., 2010). One specimen was 
established in the SCC Arboretum and first flowered in 2016. The early development of 
this particular specimen was notable because of the repeated occurrence of aberrant 
phyllotaxy. Terminal buds were often fasciated, most of which aborted prior to the 
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subsequent growth flush. Other nodes were opposite to sub-opposite, deviating from the 
alternate phyllotaxy of all magnolia species. Fasciation frequency and aberrant 
phyllotaxy diminished as the tree matured. Flowers are perfect, with a well-developed 
gynoecium and stamens. Tepal morphology, with 15-18 narrow tepals, resembles 
Calycanthus, another genus of basal angiosperms. Timing of flowers was intermediate 
between M. insignis and M. fraseri. The overlapping phenological window of the parent 
species and the F1 hybrid allowed for backcrosses with local specimens. However, 
controlled pollination in 2016 and 2017 failed to result in seed development. 
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Figure 2.3. M. insignis (Section Manglietia) × M. fraseri (Section Auriculata), 
photographed April 2017 in the Spartanburg Community College Arboretum. 
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M. sieboldii ‘Colossus’ (Section Rhytidospermum, Subsection Oyama) × M. insignis 
‘Anita Figlar’ (Section Manglietia) 2008, 2009 Ledvina/ Figlar; 2010 Ledvina/ Parris; 
2014 Parris (Fig. 2.4) 
M. sieboldii is deciduous and naturally occurs in temperate portions of Eastern Asia, 
while M. insignis is evergreen and occurs in subtropical areas of Eastern Asia (Figlar and 
Noteboom, 2004). All observed F1 individuals have inherited the deciduous nature of the 
seed parent, with some variation in growth habit, flower production, flower presentation 
(pendant vs. semipendant), and color intensity. To determine the phenotypic and 
genotypic variation in a controlled population of this hybrid, the cross was repeated in 
2014, leading to a population with enough individuals to analyze. Plants in this progeny 
have grown with modest vigor, reaching a height of 1 meter in 4 years. Several have 
flowered and demonstrated successful introgression of color, validating hybridity. These 
efforts support the findings Dennis Ledvina, the first breeder to perform this cross. 
Beyond the initial ornamental importance of this hybrid, if individuals are fertile despite 
the wide nature of the cross, recombinant F2 progeny with evergreen foliage and pink 
tepaled flowers will have greater merit. 
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Figure 2.4. M. sieboldii ‘Colossus’ (Section Rhytidospermum, Subsection Oyama) × M. 
insignis ‘Anita Figlar’ (Section Manglietia), photographed May 2017 in the Spartanburg 
Community College Arboretum. 
M. [tripetala × (tripetala × obovata)] ‘Silk Road’ (Section Rhytidospermum Hybrid) × 
M. insignis ‘Anita Figlar’ (Section Manglietia) 2010 Ledvina/ Parris 
This hybrid represents a complex intersectional and interphenological cross. The seed 
parent demonstrates a hybrid between American (M. tripetala) and Asian (M. obovata) 
species within Section Rhytidospermum can maintain reproductive capability. The 
complex hybrid functionally verifies the close phylogenetic relationship of Section 
Manglietia to Section Rhytidospermum (Azuma et. al, 2001). Pollen was harvested from 
M. insignis ‘Anita Figlar’ in May 2010, packaged with desiccant in a sealed envelope and 
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mailed to Dennis Ledvina in Green Bay, Wisconsin where he pollinated the hybrid 
cultivar M. × ‘Silk Road’.  Seedlings were germinated and raised in the SCC Arboretum. 
All observed plants have grown with hybrid vigor and exhibit tardily deciduous foliage. 
The first individual to flower bloomed 3 years after germination. Flower size (17.8 cm 
diameter) is similar to seed parent and the deep pink outer tepal color was inherited from 
the pollen parent. Two additional accessions began to flower 5 years after germination. 
Hybrid plants flowered after M. tripetala and preceded or coincided with M. insignis the 
SCC Arboretum. The first specimen to flower has been registered as the cultivar M. × 
‘Melissa Parris’ (Fig 2.5). Though apparently self-sterile, seed has been successfully 
produced from controlled pollinations with M. insignis ‘Anita Figlar’, M. grandiflora 
‘Kay Parris’, M. virginiana (Texas/ Lousiana Form), M. macrophylla, and M. 
yuyuanensis. Only a backcross (2015) with M. insignis ‘Anita Figlar’ resulted in a 
vigorous plant in its third year of production; it has displayed hardiness with evergreen 
foliage. 
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Figure 2.5. {M. [tripetala × (tripetala × obovata)] ‘Silk Road’ (Section Rhytidospermum 
Hybrid) × M. insignis ‘Anita Figlar’ (Section Manglietia)} ‘Melissa Parris’, 
photographed May 2017 in the Spartanburg Community College Arboretum. 
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M. virginiana (Texas/ Louisiana Form) (Section Magnolia) × M. grandiflora ‘Kay Parris’ 
(Section Magnolia) 2011 Parris (Fig. 2.6) 
Because few selections have resulted from crossing these often-sympatric species, 
additional breeding efforts were warranted. This species combination, first developed by 
Oliver Freeman at the United State National Arboretum, represents an interploid, 
interspecific cross between the diploid M. virginiana and the hexaploid M. grandiflora. 
Along with the ploidy difference, the nonsynchronous flowering of the species (M. 
grandiflora morning/ M. virginiana evening) also explains the absence of naturally 
occurring hybrid specimens. Multiple controlled cross attempts with multiple specimens 
in 4 consecutive years resulted in only one seed that germinated with vigor. While this 
appears to be a narrow phylogenetic cross, it was more difficult than numerous 
intersectional crosses. The one successful individual was verified as tetraploid, 2n=4x=76 
with flow cytometry by the MCI Lab of North Carolina State University. Morphological 
features favor the hexaploid pollen parent.  
The first flowers were produced 3 years after germination. Hybrids of M. virginiana 
and M. grandiflora could be valuable in breeding when trying to incorporate flower color 
into a grandiflora-like plant because of the reduced ploidy level. Early efforts at 
pollination with M. insignis did not stimulate fruit development in 2015 or 2016 with this 
individual. 
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Figure 2.6. M. virginiana (Texas/ Louisiana Form) (Section Magnolia) × M. grandiflora 
‘Kay Parris’ (Section Magnolia), photographed June 2017 in the Spartanburg Community 
College Arboretum. 
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M. changhungtana MGA 300 (Section Manglietia) × M. insignis ‘Anita Figlar’ (Section 
Manglietia) 2012, 2016 Parris (Figure 2.7) 
With goals of color introgression, foliage quality, and overall hardiness, this cross was 
first performed in 2012 while the seed parent was still in container production at 
Spartanburg Community College. Controlled crosses were conducted in April and May in 
a propagation greenhouse with temperatures ranging from (16°-32°C). The seed parent 
produced 5 perfect and complete flowers, while one flower was completely staminate. 
Two flowers were self-pollinated with pollen that had been stored for 1-7 days. Both 
flowers produced fruit which later aborted seven weeks post-pollination. The M. 
changhungtana pollen was known to viable because hybrids were produced with both M. 
yuyuanensis and M. sieboldii ‘Colossus’ in the SCC campus arboretum. Magnolia 
changhungtana may be self-incompatible, but this species continues to produce open-
pollinated fruit that aborts within several weeks of fertilization.  
   The 3 flowers of M. changhungtana pollinated with M. insignis ‘Anita Figlar’ produced 
a bountiful seed crop tha M. changhungtana t resulted in 300 plants. In summer 2017, all 
hybrid offspring were established in trial gardens and landscapes. Evaluations are 
underway at the following locations: SCC Arboretum; Atlanta Botanical Garden, 
Gainesville, GA; North Carolina State University Sandhills Research Station, Jackson 
Springs, NC; University of Georgia Horticulture Farm, Athens GA; and Moore Farms 
Botanical Garden, Lake City, SC. The first plants of this cross flowered in a trial bed at 
the South Carolina Botanical Garden, Clemson, SC, in May 2016, 3 years after 
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germination. Pink tepals, inherited from M. insignis, and red stamens, inherited from M. 
changhungtana are consistent traits in flowering specimens.  
 
Figure 2.7. M. changhungtana MGA 300 (Section Manglietia) × M. insignis ‘Anita 
Figlar’ (Section Manglietia), photographed by Dr. Bob Polomski at the South Carolina 
Botanical Garden, May 2017 
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M. macrophylla var. ashei (Section Macrophylla) × M. insignis ‘Anita Figlar’ (Section 
Manglietia) 2012, 2013 Parris 
The purpose of this intersectional cross was to develop a large-leaved, pink-flowered 
magnolia. In phylogenetic arrangements, this hybrid represents a wider cross than a 
Section Rhytidospermum × Section Manglietia cross. Evidence of this genetic distance 
was manifested in the low vigor of the seedlings. Sixteen seedlings were raised in 2 years 
of breeding from 3 fruits produced on a single specimen at the home of the author. Only 4 
plants survived and remained less than 6 inches (15.2 cm) tall in the fall of 2017, 4 years 
after planting 
 
M. sieboldii ‘Colossus’ (Section Rhytidospermum, Subsection Oyama) × M. grandiflora 
‘Kay Parris’ (Section Magnolia) 2013, 2016 Parris (Fig. 2.8) 
This intersectional and interploid cross was first performed by Dennis Ledvina with 
M. grandiflora ‘Russet’ as the pollen parent. Magnolia × ‘Exotic Star’ was the only 
introduced cultivar. Additional hybridizing attempts were made in 2013 and 2016 to 
study variation among the offspring. DNA analysis using ISSR markers confirmed the 
affinity to the pollen parent (Wang, et al. 2015). Plants remained evergreen (USDA Cold 
Hardiness zone?) and strongly resembled the hexaploid pollen parent. By the second 
growing season, variation in vigor and foliage characteristics arose. One individual from 
the 2013 cross flowered in May 2016 and produced a 12-tepaled flower with a malformed 
gynandrophore. The wide nature of this cross may continue to produce flowers with little 
or no reproductive ability. This relatively easy cross and resultant variation in the 
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offspring justifies further breeding work with additional M. sieboldii and M. grandiflora 
cultivars.  
.  
 
Figure 2.8. M. sieboldii ‘Colossus’ (Section Rhytidospermum, Subsection Oyama) × M. 
grandiflora ‘Kay Parris’ (Section Magnolia), photographed May 2017 in the Spartanburg 
Community College Arboretum. 
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M. sieboldii ‘Colossus’ (Section Rhytidospermum, Subsection Oyama) × M. macrophylla 
var. ashei (Section Macrophylla) 2014, 2015 Parris 
This intersectional cross was first performed by August Kehr in Hendersonville, NC. 
Crosses were repeated in consecutive years the cross was repeated and seed was readily 
produced in the garden of Keith and Louise Parris. Leaves of the offspring display 
auriculate bases, inherited from the pollen parent,which confirms hybridity. Plants exhibit 
vigorous growth in container production. Given the intersectional compatibility of M. 
sieboldii,this hybrid could be a bridge toward incorporating the pigmentation of M. 
insignis into a plant with hybrid vigor, where M. macrophylla var. ashei × M. insignis 
failed to exhibit vigor. 
 
M. yuyuanensis (Section Manglietia) × M. virginiana (Texas/ Lousiana Form) (Section 
Magnolia) 2013 Parris (Fig. 2.9) 
These species were first successfully crossed by Bill Smith. Given their ornamental 
potential and the knowledge gained from trait inheritance, the cross was repeated with 
specimens in the SCC Arboretum. One pollination produced a fruit containing 10 seeds 
that gave rise to 4 seedlings. One vigorous seedling was planted for evaluation. Unlike 
the previous crosses by Smith, the M. virginiana parent used in this cross is deciduous. 
This hybrid specimen displays a tardily deciduous habit. Leaves show marginal 
undulations typical of the pollen parent, red-tinted new foliage representative of the seed 
parent, and a glaucous abaxial leaf surface similar to both parents. First anthesis occurred 
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in April 2017, 3 years after germination. Each flower contained malformed gynoecia and 
underdeveloped stamens, precluding future breeding work with this specimen. 
 
Figure 2.9. M. yuyuanensis (Section Manglietia) × M. virginiana (Texas/ Lousiana 
Form) (Section Magnolia) in center, seed parent on left, pollen parent on right, 
photographed in the Spartanburg Community College Arboretum May 2018. 
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M. sapaensis (McMahan 2010) (Section Manglietia) × M. virginiana var. australis ‘Perry 
Paige’ (Section Magnolia) 2013 Parris 
Seed from M. sapaensis, an endangered species in Vietnam, was collected by Scott 
McMahan in 2010 and distributed for evaluations/trials. One of these plants bloomed 
while in container production in the SCC greenhouses and had been marginally cold 
hardy in a cold frame. Pollen was harvested from M. virginiana var. australis ‘Perry 
Paige’ and immediately transferred to one unopened flower of M. sapaensis in the early 
phase of receptivity. From this one fruit, 11 seeds germinated, and 5 extant plants grew 
with varying degrees of vigor in 3 years of container production and 1 year of 
establishment in a trial planting. Sibings of the M. sapaensis parent did not survive winter 
conditions in the landscape, but the hybrid individuals have been fully hardy with no 
protection. Two individuals have flowered, exhibiting fully formed gynandrophores. An 
effort to produce an F2 crop for further study is warranted. 
 
M. sieboldii ‘Colossus’ (Section Rhytidospermum, Subsection Oyama) × M. yuyuanensis 
(Section Manglietia) 2014 Parris  
This intersectional cross between the deciduous M. sieboldii and evergreen M. 
yuyuanensis was first performed by Tom Ranney at the North Carolina State University 
Mountain Crop Improvement Lab in 2009. It was repeated successfully with different 
parent specimens in the SCC Arboretum in 2014, and resulted in vigorous and precocious 
offspring; 2 individuals bloomed 24 months after germination. Hybridity was confirmed 
by atypical foliage morphology and the tardily deciduous nature of the 3 year-old plants.  
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Flowers possess white tepals and red stamens, traits exhibited by each parent, but tepal 
thickness favors the pollen parent. Early observations also indicate this hybrid has 
improved heat tolerance compared to the seed parent, extending the range for gardeners 
with an affinity for M. sieboldii. 
 
M. sieboldii ‘Colossus’ (Section Rhytidospermum, Subsection Oyama) × M. 
changhungtana (Section Manglietia) 2016 Parris 
Given the success of other Section Rhytidospermum × Section Manglietia crosses, 
positive results were expected with this cross as well. With parent plants blooming 
synchronously in the SCC Arboretum, 5 flowers were pollinated and 3 produced fruit. 
This led to 60 seed and 51 successfully germinated plants. Foliage size has been variable 
among the offspring with some individuals producing larger foliage than either parent. 
Foliage was persistent in the protection of an unheated cold frame the first winter of 
production. This is not typical of other crosses between deciduous and evergreen species. 
No flowers were produced in 2 years. More time is required to truly evaluate the heterosis 
observed during container production. 
 
Subgenus Yulania crosses 
M. figo var. crassipes (Section Michelia) × M. laevifolia ‘Jenkins’ (Section Michelia) 
2010 Parris (Fig 2.10) 
This cross was performed on a 2 year-old rooted cutting, which proves that magnolia 
breeding does not have to be relegated to field-established plants. Nine seedlings 
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germinated and 6 individuals planted in the landscape for observation. The plants were 
precocious: each one flowered within 2 years of germination. Hybridity was indicated by 
foliage and tepal morphology that displayed the characteristics of each parent. Notably, 
tepals were predominantly white with varying amounts of interior purple streaks. Tepals 
are fully open in the female and male phase. This trait can be considered a morphological 
marker inherited from M. laevifolia, as M. figo var. crassipes remains comparatively 
closed through the functional duration of each flower. Following low temperatures of -
13°C, -12°C, and -11°C on consecutive evenings in 2014. The compact habit and 
exceptionally dark, glossy foliage are positive traits for breeding, but can be a drawback 
to this form because the plant’s dark green foliage masks the dark pigmented flowers. M. 
laevifolia produces white tepaled flowers abundantly in a more open presentation. F1 
hybrids of M. figo var. crassipes × M. laevifolia ‘Jenkins’ are compact but present 
bicolored flowers openly displayed along branches, combining the best features of each 
species. Individuals of this cross have readily produced open pollinated seed, in trial bed 
groupings and as solitary specimens. Conversely, M. figo, long cultivated in garden 
settings, seldom produces seed and has been propagated in nurseries exclusively by 
vegetative means. This breeding outcome provides early indications that hybridization 
with Section Michelia may ultimately generate plant populations capable of naturalizing 
in the periphery of cultivated locations. 
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Figure 2.10. M. figo var. crassipes (Section Michelia) × M. laevifolia ‘Jenkins’ (Section 
Michelia), photographed in the Spartanburg Community College Arboretum April 2016. 
M. foveolata ‘Shibamichi’ (Section Michelia) × M. laevifolia ‘Gail’s Favorite’ (Section 
Michelia) 2010 Parris (Fig 2.11) 
This interspecific hybrid was developed with the goal of producing plants with 
intermediate foliage and growth habit. Pollen harvested from M. laevifolia ‘Gail’s 
Favorite’ at NCSU Mountain Crop Improvement Lab, Mills River, North Carolina was 
transported the next day to Magnolian Grove Arboretum in Six Mile, SC and applied to 
two flowers of M. foveolata ‘Shibamichi’. One produced a prolific crop of seed that 
resulted in more than 50 plants for evaluation. Eighteen individuals were closely 
monitored in the SCC Arboretum over a 6-year period. They exhibit exceptional vigor, 
exceeding 3 meters in height in 5 years. Within 17 months of germination, two 
individuals flowered, accessions H and L. 
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Figure 2.11. M. foveolata ‘Shibamichi’ (Section Michelia) × M. laevifolia ‘Gail’s 
Favorite’ (Section Michelia), photographed in the Spartanburg Community College 
Arboretum March 2017. 
Foliage on hybrid plants exhibited varying degrees of coppery adaxial indumentum 
and brown abaxial indumentum. The range of intermediacy of foliage size was indicative 
of successful hybridization. Tepal size and gynoecia length in the early flowering 
individuals also could be described as intermediate, although an early assessment of the 
entire population was not possible.  Interestingly, M. foveolata the parent specimen of this 
hybrid, failed to produce seed for a decade, yet the interspecific cross developed 
abundant seed. Selections of this F1 progeny produced open-pollinated seed that readily 
bears seed from backcrosses and crosses with additional species. 
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M. acuminata var. subcordata ‘Miss Honeybee’ (Section Tulipastrum) × M. figo var. 
crassipes (Section Michelia) 2012 Parris (Fig. 2.12) 
This intersectional, interploid cross was attempted because of prior success by 
Clifford Parks, Chapel Hill, NC (Figlar, Pers. Com 2008) with M. acuminata × M. figo. 
Bareroot, 2 year-old grafted M. acuminata var. subcordata ‘Miss Honeybee’ were 
acquired from Heritage Seedlings Inc., Salem, OR, in the fall 2011. Several developed 
pre-formed flower buds at the time they were containerized. One flower developed fruit 
from a controlled cross with M. figo var. crassipes in the greenhouse in April 2012. Two 
seedlings germinated, one confirmed as a triploid (2n=3x=57) with a relative genome size 
of 6.54 pg using flow cytometry at the MCI Lab of North Carolina State University. 
Rufous hairs on foliage and young stems, coupled with an abruptly cuspidate leaf apex, 
are morphological markers contributed by the pollen parent. The tree has a strong central 
leader resulting in a fastigiate habit. In June 2018 flowers with bright yellow tepals were 
first observed. Purple coloration at the distal end of the stamens are also traits inherited 
from the pollen parent. While the success of this cross supports the phylogenetic position 
of Section Michelia within Subgenus Yulania, it is a difficult cross that was repeated 
multiple times in the landscape with no success. No triploid magnolias have been 
documented as fertile, which eliminates it from further breeding work. 
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Figure 2.12. M. acuminata var. subcordata ‘Miss Honeybee’ (Section Tulipastrum) × M. 
figo var. crassipes (Section Michelia), photographed in the Spartanburg Community 
College Arboretum, June 2018. 
 
[M. laevifolia (Section Michelia) × M. maudiae (Section Michelia)] × M. figo var. 
crassipes (Section Michelia) 2012, 2013 Parris (Fig 2.13). 
Seedlings of M. laevifolia × M. maudiae provided by Bill Smith in 2011 precociously 
flowered in 2012 and 2013 and were pollinated with M. figo var. crassipes. This complex 
interspecific hybrid has produced highly ornamental progeny. Plants in trial beds in the 
SCC Arboretum display hybridity in their tepal coloration from the influence of M. figo 
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var. crassipes, The 10 accessions under evaluation exhibit notable variation in tepal size 
and color intensity. Flowering also commences later than the hybrid seed parent, avoiding 
the early flowering influence of M. maudiae, which avoids late spring freezes in the 
unpredictable Southeastern U.S. climate. Individuals from the 2012 cross survived low 
temperatures of -13°,  12°C, and 12°F on consecutive evenings in 2014, providing more 
evidence of cold hardiness inherited from M. figo var, crassipes.  
  
 
Figure 2.13. [M. laevifolia (Section Michelia) × M. maudiae (Section Michelia)] × M. 
figo var. crassipes (Section Michelia), photographed in the Spartanburg Community 
College Arboretum April 2018. 
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[M. foveolata ‘Shibamichi’ (Section Michelia) × M. laevifolia ‘Gail’s Favorite’ (Section 
Michelia)] × M. figo var. crassipes (Section Michelia) 2013, 2014 Parris (Fig. 2.14). 
A complex interspecific hybrid first developed in 2013 using the first two individuals 
to flower from the 2010 M. foveolata ‘Shibamichi’ × M. laevifolia ‘Gail’s Favorite’ cross 
as seed parents. Hybridity is evident due to introgression of pigment and compact growth 
habit from M. figo var. crassipes. Variation among the progeny can be readily observed 
in regard to growth habit and tepal color. White, cream, yellow-orange, purple, and 
bicolored flowers provide evidence of recombination similar to the observations made by 
Cooley and Willis (2009) in F2 populations of Mimulus hybrids. They found light 
anthocynanin pigments on a high carotenoid background were orange, while dark 
anthocynanin pigments on a low carotenoid background are purple.  A similar interaction 
of anthocyanins and carotenoids is apparent in this line of Magnolia hybrids.  
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Figure 2.14. [M. foveolata ‘Shibamichi’ (Section Michelia) × M. laevifolia ‘Gail’s 
Favorite (Section Michelia)] × M. figo var. crassipes (Section Michelia), photographed in 
the Spartanburg Community College Arboretum April 2018. 
 
M. figo var. crassipes (Section Michelia) × [M. foveolata ‘Shibamichi’ (Section Michelia) 
× M. laevifolia ‘Gail’s Favorite’ (Section Michelia)] 2013 Parris 
This reciprocal of the above complex interspecific hybrid has also produced plants 
with compact growth habits, but flowering individuals have exhibited less introgression 
of color from M. figo var. crassipes Stamens are deeply colored and tepal bases are 
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streaked with purple. Missing pattern or coloration over the most of the tepal surface, 
suggests monogenic control for this direction of the cross.   
 
[M. laevifolia (Section Michelia) × M. champaca (Section Michelia)] × M. figo var. 
crassipes (Section Michelia) 2013 Parris 
Using a precocious specimen of M. laevifolia × M. champaca, provided by Bill Smith 
in 2010, this complex interspecific hybrid demonstrated the ability of M. figo var. 
crassipes to impart cold hardiness to hybrid offspring, despite the influence of the 
tropical species, M. champaca in the cross. While the majority of the complex hybrid 
offspring have been hardy in unheated container production and the landscape, the seed 
parent has suffered severe foliar injury and stem dieback.  
 
[M. laevifolia (Section Michelia) × M. champaca (Section Michelia)] × [M. laevifolia 
(Section Michelia) × M. maudiae (Section Michelia)] (Section Michelia) 2013 Parris 
This complex interspecific hybrid combines two Bill Smith hybrids, illustrating the 
retention of fertility in Section Michelia hybrids. Some individuals in this cross flowered 
precociously like their parents, within 2 years of germination. Plants have been 
surprisingly hardy, but generally less hardy than hybrids incorporating M. figo var. 
crassipes. 
 
Intersubgeneric crosses 
 
 69 
M. sieboldii ‘Colossus’ (Subgenus Magnolia, Section Rhytidospermum, Subsection 
Oyama) × M. lotungensis (Subgenus Gynopodium, Section Gynopodium) 2015 Parris 
 Given the success of Bill Smith in 2011 with a M. lotungensis × M. virginiana 
cross, an effort was made to develop hybrids with M. lotungensis when an 18-year-old 
male specimen flowered at the residence of the author in 2016. M. lotungensis is typically 
a dioecious species, a rarity in Magnolia. Pollen was harvested, stored for 1 to 3 days and 
placed on 3 flowers of M. sieboldii ‘Colossus’, also located at the residence. Fruit formed 
from 2 of the pollinations, leading to 10 germinated seed. Three grew with adequate 
vigor. Like the 2011 Smith cross, this is also an interploid cross between diploid M. 
sieboldii ‘Colossus’ and hexaploid M. lotungensis. This cross differs in that it combines 
deciduous and evergreen species. The evergreen progeny follows the results of other 
crosses with leaf retention favoring the higher ploidy parent. The strong fastigiate habit 
also favors the pollen parent. A hopeful breeding outcome is that M. sieboldii will pass 
some precocious flowering to the hybrid, as M. lotungensis is notoriously slow to reach 
maturity. Given the hybrid is tetraploid (2n=4x=76), fertility should be retained for 
additional breeding opportunities. 
 
M. grandiflora ‘Little Gem’ (Subgenus Magnolia, Section Magnolia) × M. lotungensis 
(Subgenus Gynopodium, Section Gynopodium) 2015 Parris 
Tom Ranney first performed this cross with the cultivar ‘Little Gem’ at NCSU 
Mountain Crop Improvement Lab in 2013. Given the intraploid nature and success 
between M. lotungensis and 2 additional species, vigorous progeny were expected from 
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the 2015 cross. While each M. grandiflora parent produced seed, only 1 individual from 
the cross with ‘Little Gem’ survived into the second growing season. The cross is worth 
repeating, but the M. lotungensis parent has failed to produce flowers since 2015, 
emphasizing a ‘seize the moment’ approach that Magnolia breeders must have. 
In these experimental breeding efforts, morphological markers were a reliable tool 
for hybridity confirmation.  Each of the stated breeding objectives were realized. Color 
introgression was successful in hybrids involving M. insignis and M. figo var. crassipes. 
Hybridization within Sections Manglietia and Michelia led to development of populations 
from which garden worthy evergreen cultivars can be selected.  In some of these 
populations of Section Michelia hybrids, individuals have initiated flowers beyond Mid-
April in USDA Zone 7, beyond late spring freezes. Remontant flowers and precocity 
were observed in hybrids developed in Subgenus Magnolia and Subgenus Yulania. 
Among Section Michelia hybrids individuals with compact habits have been identified as 
potential cultivars. Hybrid populations and individuals within them are reliably hardy 
over the past 8 years in USDA Zone 7. Crosses between species of varying genome size, 
relatedness, and phenology were successful. Ongoing observations of fertility among the 
new hybrids and selection of superior individuals from the initial populations will drive 
future breeding directions.  
 
Morphological Variation. Differences in patterns of trait inheritance were revealed 
between the narrow hybrid and wide hybrid progeny evaluated. In the intrasectional 
cross, M. foveolata ‘Shibamichi’ (Section Michelia) × M. laevifolia ‘Gail’s Favorite’ 
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(Section Michelia), foliage of the offspring was easily recognized as intermediate due to   
the overall disparity in size of the parents (Fig. 2.15). 
 
Figure 2.15. Foliage comparisons of M. foveolata ‘Shibamichi’ (left), Hybrid individual 
(center), and M. laevifolia ‘Gail’s Favorite (right). 
Replicate samples of leaves were analyzed with one-way analysis of variance (ANOVA) 
and the Student’s t test (α=0.05). Means separation for lamina length (mm), lamina width 
(mm), lamina index, stipular scar length (mm), petiole length (mm), and the ratio of 
stipular scar length to petiole scar length are recorded in Table 2.4. 
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Table 2.4 Foliage morphometrics and means separation for M. foveolata ‘Shibamichi’, 
M. laevifolia ‘Gail’s Favorite’ and 11 hybrid offspring. Data was analyzed with one-way 
analysis of variance (ANOVA) and the Student’s t test, α=0.05.  
Taxa Lamina 
Length 
(mm) 
Lamina 
Width 
(mm) 
Lamina 
Length/ 
Width 
Ratio 
Lamina 
Index 
(mm2) 
Petiole 
Length 
(mm) 
Stipular 
Scar 
Length 
(mm) 
Stipular Scar 
Length/ 
Petiole 
Length % 
Seed Parent: 
M. foveolata 
‘Shibamichi’ 
213  ± 
9.2 A 
93.8  ± 
3.5 A 
2.27 ±  
0.05 DEF 
20245 ± 
158A 
33.7 ± 
1.3 A 
1.2 ± 0.2 F 3.45 ± 0.67 G 
Pollen Parent: 
M. laevifolia 
‘Gail’s 
Favorite’ 
61.6 ± 
2.6 D 
29.7 ± 
1.3 F 
2.08 ± 
0.02 EF 
1860 ± 
144 E 
6.8 ± 0.2 
F 
4.9 ± 0.2 A 71.90 ± 1.60 
A 
Sibling C 115 ± 4.5 
C 
55.8 ± 
3.4 BCD 
2.09 ± 
0.09 EF 
6479 ± 
563 BCD 
13.5 ± 
1.6 BC 
3.3 ± 
0.6BCD 
23.88 ± 1.59 
DEF 
Sibling F 123 ± 
13.3 C 
50.0 ± 
2.2 BCD 
2.48 ± 
0.28 BCD 
6171 ± 
727 CD 
9.5 ± 
0.6EF 
4.3 ± 0.3 AB 45.46 ± 1.62 
B 
Sibling H 124 ±  
8.3 BC 
64.5 ± 
3.4 B 
1.98 ± 
0.24 F 
7885 ± 
391 BC 
14.5 ± 
1.6 B 
4.3 ± 0.6 AB 29.81 ± 2.04 
C 
Sibling K 138 ± 4.5 
ABC 
51.5 ± 
1.3 D 
2.69 ± 
0.13 BC 
7092 ± 
275 BCD 
13.3 ± 
0.8 BC 
2.7 ± 0.3DE 19.71 ± 1.40 
F 
Sibling L 121 ± 5.6 
C 
39.3 ± 
1.4 E 
3.10 ± 
0.15A 
4782 ± 
304 D 
12.5 ± 
1.0 BCDE 
2.8 ± 
0.3CDE 
22.81 ± 1.12 
EF 
Sibling M 136 ± 4.0 
BC 
49.0 ± 
1.3 D 
2.78 ± 
0.11 AB 
6660 ± 
279 BCD 
12.8 ± 
0.5 BCD 
3.3 ± 0.4 
BCD 
25.82 ± 2.80 
CDE 
Sibling N 122 ± 6.6 
C 
51.2 ± 
1.4 D 
2.38 ± 
0.10 CDE 
6282 ± 
467 CD 
10.0 ± 
1.1 DE 
2.9 ±  ± 0.4 
CDE 
28.69 ± 1.98 
CD 
Sibling O 150 ± 5.9 
B 
54.7 ± 
1.8 CD 
2.76 ± 
0.15 ABC 
8183 ± 
427 BC 
14.5 ± 
0.8 CDE 
03.8 ± 0.3 
BC 
26.65 ± 2.30 
CDE 
Sibling P 127 ± 
16.8 BC 
50.3 ± 
6.2 D 
2.50 ± 
0.12 BCD 
6890 ± 
1416 BCD 
9.5 ± 1.3 
EF 
2.5 ± 0.3 DE 26.21 ± 0.84 
CDE 
Sibling Q 126 ± 
15.7 BC 
49.5 ± 
5.9 D 
2.54 ± 
0.07 BCD 
6666 ± 
1217 BCD 
10.7 ± 
1.5 CDE 
2.0 ± 0.2EF 19.60 ± 1.60F 
Sibling R 140 ± 5.9 
BC 
63.7 ± 
2.3 BC 
2.20 ± 
0.03 DEF 
8986 ± 
676 B 
11.4 ± 
0.8 BCDE 
2.7 ± 0.3DE 23.90 ± 
3.35DEF 
 
The parents were significantly different to one another in lamina length. Each of the 
11 hybrids were significantly different than both parents and centric to the overall mean, 
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with some variability among them (Table 2.4, Figure 2.16). With all sibling phenotypes 
clearly intermediate to the parents, lamina length serves as a reliable measure of 
hybridity. 
 
  
Figure 2.16. Means comparisons for lamina length of M. foveolata ‘Shibamichi’, M. 
laevifolia ‘Gail’s Favorite’, and 11 hybrid siblings. Mean diamonds have horizontal lines 
at treatment mean, with top and bottom of populations showing 95% confidence. 
 
The parental means for lamina width were significantly different from one another, 
and the 11 hybrid siblings differed significantly from both parents (Table 2.4, Figure 
2.17). The lamina width of the siblings varied from each other, indicating additional 
variability in trait expression.  Even though there was more variability in lamina width 
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than lamina length, all sibling phenotypes were intermediate to the parents, indicating 
lamina width for this cross is a reliable identifier of a successful cross 
 
  
Figure 2.17. Means comparisons for lamina width of M. foveolata ‘Shibamichi’, M. 
laevifolia ‘Gail’s Favorite’, and 11 hybrid siblings. Mean diamonds have horizontal lines 
at treatment mean, with top and bottom of populations showing 95% confidence. 
 
When length to width ratio was derived from lamina measurements, the mean ratios 
of the parents were not significantly different from one another or 7 of the progeny 
(Table 2.4, Figure 2.18). Siblings K, L, M, and O exhibited extreme phenotypes as the 
increase in lamina length was greater in proportion to lamina width, generating a more 
lanceolate lamina than either parent. This proportional relationship provides no basis for 
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hybridity validation, primarily because the parental means were statistically similar, but 
does reveal a slight deviation from the consistent trend of intermediacy seen in other 
measured traits.  
 
  
Figure 2.18. Means comparisons for ratio of lamina length to lamina width of M. 
foveolata ‘Shibamichi’, M. laevifolia ‘Gail’s Favorite’, and 11 hybrid siblings. Mean 
diamonds have horizontal lines at treatment mean, with top and bottom of populations 
showing 95% confidence. 
 
In this gauge of relative lamina area the parents are significantly different from one 
another (Table 2.4, Figure 2.19). Unlike the independent results for the factors of length 
and width, these means are more closely aligned with the pollen parent. This result is 
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surprising as a visual examination of the overall plants give the impression of a bias in 
texture (subjective upon leaf size and foliage density) that favors the seed parent. Lamina 
index does provide data supportive of intermediate hybrid morphology. 
 
 
Figure 2.19. Means comparisons for lamina index (length ×width) of M. foveolata 
‘Shibamichi’, M. laevifolia ‘Gail’s Favorite’, and 11 hybrid siblings. Mean diamonds 
have horizontal lines at treatment mean, with top and bottom of populations showing 
95% confidence. 
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Figure 2.20. Means comparisons for petiole length of M. foveolata ‘Shibamichi’, M. 
laevifolia ‘Gail’s Favorite’, and 11 hybrid siblings. Mean diamonds have horizontal lines 
at treatment mean, with top and bottom of populations showing 95% confidence. 
Petiole length of the parents provided statistically different means from one another 
(Table 2.4, Figure 2.20). Siblings F and P were similar to the pollen parent, but also 
similar to the siblings as means for all siblings revealed a tightly arranged gradient of 
expression nearest M. laevifolia. Coupled with other observations, this trait still provides 
helpful parameters for hybridity assessment.  
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Figure 2.21. Means comparisons for stipular scar length of M. foveolata ‘Shibamichi’, 
M. laevifolia ‘Gail’s Favorite’, and 11 hybrid siblings. Mean diamonds have horizontal 
lines at treatment mean, with top and bottom of populations showing 95% confidence. 
The stipular scar length of the parents were statistically different from one another 
(Table 2.4, Figure 2.21). The progeny displayed a wide range of intermediacy with 
siblings F and H being similar to the pollen parent, and sibling Q being similar to the seed 
parent. The variability in the expression of this trait is more evenly distributed than the 
other measured traits for this cross, and most fluidly illustrates the effects of QTL.   
The stipular scar length to petiole length percentage of the parents were statistically 
different from one another (Table 2. 4, Figures 2.22 and 2.23). The progeny displayed a 
range of intermediacy with a mix of significant and insignificant differences among them. 
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The disparity in parental means and the intermediacy of this trait in siblings allow for 
hybridity confirmation with these results. 
 
 
Figure 2.22. Stipular scar percentage comparisons from random samples of M. laevifolia 
‘Gail’s Favorite (left), Hybrid individual (center), and M. foveolata ‘Shibamichi’ (right). 
Fractions represent measure to the nearest millimeter of stipular scar length relative to 
overall petiole length.   
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Figure 2.23. Means comparisons for percentage of stipular scar length to petiole length 
of M. foveolata ‘Shibamichi’, M. laevifolia ‘Gail’s Favorite’, and 11 hybrid siblings. 
Mean diamonds have horizontal lines at treatment mean, with top and bottom of 
populations showing 95% confidence. 
 
In this intrasectional cross between M. foveolata ‘Shibamichi’ (Section Michelia) × 
M. laevifolia ‘Gail’s Favorite’ (Section Michelia), most individual hybrid foliage traits 
were a gradient of intermediacy between the parental traits, with positive heterosis only 
occurring in lamina length to width ratio. Individually, morphometric trait results were 
useful indicators of hybridity, although it is best to consider them collectively, evaluate 
additional morphological markers, and base hybridity confirmation on the phenotype as a 
whole.   
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In the intersectional cross, M. sieboldii ‘Colossus’ (Section Rhytidospermum, 
Subsection Oyama) × M. insignis ‘Anita Figlar’ (Section Manglietia), the foliage of the 
offspring was differentiated from both parents. (Fig. 2.24). The adaxial surfaces were 
glossier than the seed parent and more elliptical than the pollen parent.  Replicate 
samples of leaves were analyzed with one-way analysis of variance (ANOVA) and the 
Student’s t test. α=0.05., Means separation for lamina length (mm), lamina width(mm), 
lamina index, stipular scar length(mm), petiole length(mm), and the ratio of stipular scar 
length to petiole scar length are recorded in Table 2.5. 
 
 
 
Figure 2.24. Foliage comparisons of M. sieboldii ‘Colossus’ (left), Hybrid individual 
(center), and M. insignis ‘Anita Figlar’ (right). 
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The mean lamina length of the parents differed from one another, but more similar to 
one another than some of the progeny (Table 2.5, Figure 2.25). There was significant 
variation among the siblings, with 6 having means similar to the pollen parent, and 5 
exhibiting negative heterosis for this trait. This result suggests wide hybridization 
disturbed the stability of complementary genes, leading to an extreme phenotype. 
Additionally, as stated in the findings of De Heredia, et. al. (2018), the influence of 
environmental factors on the extreme phenotype cannot be ruled out. Lamina length 
cannot be used as an indication of hybridity in this cross. 
 
Figure 2.25. Means comparisons for lamina length of M. sieboldii ‘Colossus’, M. 
insignis ‘Anita Figlar’, and 11 hybrid siblings. Mean diamonds have horizontal lines at 
treatment mean, with top and bottom of populations showing 95% confidence. 
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Table 2.4 Foliage morpohometrics and means separation for M. sieboldii ‘Colossus’, M. 
insignis ‘Anita Figlar’, and 11 hybrid offspring. Data was analyzed with one-way 
analysis of variance (ANOVA) and the Student’s t test, α=0.05.  
Taxa Lamina 
Length 
(mm) 
Lamina 
Width 
(mm) 
Lamina 
Length/ 
Width 
Ratio 
Lamina 
Index 
(mm2) 
Petiole 
Length 
(mm) 
Stipular 
Scar 
Length 
(mm) 
Stipular 
Scar 
Length/ 
Petiole 
Length % 
Seed 
Parent:  
M. 
sieboldii 
‘Colossus’ 
157 ± 8.1 
A 
95.0 ± 
3.9 A 
1.66 ±  
0.06 H 
15167 ±  
1325A 
32.1 ±  4.9 
A 
16.3 ± 
3.1 A 
48.42 ± 
1.92 ABC 
Pollen 
Parent:  
M. insignis 
‘Anita 
Figlar’ 
126 ± 9.6 
B 
41.3 ± 
2.8 D 
3.07 ± 0.13 
A 
5408 ± 
718 B 
21.5 ±  
1.2 B 
11.0 ± 1.1 
B 
50.09 ± 
2.72 AB 
Sibling A 98.7 ± 8.0 
DE 
41.8 ± 
3.2CD 
2.36 ± 0.03 
EF 
4257 ± 
656 B 
13.7 ± 1.0 
CDEF 
6.0 ± 0.4 
CD 
44.48 ± 
2.76 BCD 
Sibling C 104 ± 3.8 
CDE 
40.7 ± 
2.1 D 
2.56 ± 0.05 
BCD 
4252 ± 
374B 
16.8 ± 0.6 
BCD 
7.3 ± 0.6 
BCD 
43.34 ± 
2.36 BCD 
Sibling D 117 ± 6.5 
BCDE 
43.0 ± 
1.4 CD 
2.72 ± 0.10 
F 
5066 ± 
411 B 
13.8 ± 0.4 
B 
6.8 ± 0.5 
CD 
49.45 ± 
3.12 ABC  
Sibling F 120 ± 9.8 
BCD 
46.0 ± 
3.9 BCD 
2.62 ± 0.09 
BC 
5698 ± 
917 B 
16.2 ± 1.0 
BC 
7.7 ± 0.7 
BCD 
47.20 ± 
1.40 ABC 
Sibling G 94.8 ± 5.9 
E 
48.3 ± 
1.5 BCD 
1.98 ± 
0.15A 
4573 ± 
275 B 
15.2 ± 1.1 
G 
5.7 ± 0.8 
CD 
37.07 ± 
3.36 G 
Sibling H 118 ± 7.5 
BCD 
53.8 ± 
0.5 B 
2.20 ± 0.15 
AB 
6364 ± 
383 B 
14.8 ± 0.5 
EFG 
5.7 ± 0.3 
CD 
38.29 ± 
2.07 D 
Sibling I 106 ± 5.1 
BCDE 
50.0 ± 
1.7 BC 
2.14 ± 0.15 
CDE 
5253 ± 
147 B 
13.0 ± 0.6 
FG 
6.5 ± 0.2 
CD 
50.20 ± 
1.43 AB 
Sibling L 123 ± 7.2 
BC 
50.0 ± 
1.0 BC 
2.46 ± 0.13 
ABC 
6174 ± 
4.43 B 
16.7 ± 2.5 
BCDE 
09.2 ± 
1.9 BCD 
53.39 ± 
4.40 A 
Sibling M 94.5 ± 5.7 
E 
43.7 ± 
2.2 CD 
2.17 ± 0.10 
BCD 
4169 ± 
4.32 B 
12.7 ± 0.9 
EFG 
5.0 ± 0.5 
D 
39.15 ± 
2.25 D 
Sibling N 128 ± 8.7 
B 
46.5 ± 
3.7 BCD 
2.78 ± 0.09 
BCD 
6099 ± 
8.25 B 
19.2 ± 1.5 
B 
9.7 ± 1.0 
BC 
49.9 ± 1.77 
AB 
Sibling O 100 ± 3.3 
CDE 
44.5 ± 
1.9 CD 
2.26 ± 0.04 
DEF 
4487 ± 
3.33 B 
13.1 ± 1.1 
DEFG 
5.5 ± 0.4 
CD 
41.90 ± 
1.54 CD 
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The mean lamina widths of the parents had a vast significant difference (Table 2.5, 
Figure 2.26). All siblings had mean widths most similar to the lanceolate pollen parent M. 
insignis, with 8 of the 11 not being significantly different than one another. No extreme 
phenotypes were revealed for this trait in these progeny. Quantification of consistent 
foliage affinity to M. insignis is a positive result for breeders in the southeastern United 
States, as this result is likely advantageous to the hybrid, as the broad and thin lamina of 
M. sieboldii is detrimental to its heat tolerance and overall vigor in USDA Hardiness 
Zone 7.  Lamina width is not a useful indicator of hybridity. 
 
 
 
Figure 2.26. Means comparisons for lamina width of M. sieboldii ‘Colossus’, M. insignis 
‘Anita Figlar’, and 11 hybrid siblings. Mean diamonds have horizontal lines at treatment 
mean, with top and bottom of populations showing 95% confidence. 
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The means for the lamina length to width ratio of the parent accessions are 
significantly different from one another (Table 2.5, Figure 2.27). Because the width 
factor had adequate disparity from the length factor in all of the siblings, these mean 
ratios reveal no extreme phenotypes for this proportionally derived trait. This is the only 
morphometric result for this cross that displays a gradient of intermediate phenotypic 
expression, and in this instance helps validate hybridity. 
 
Figure 2.27. Means comparisons for ratio of lamina length to lamina width of M. 
sieboldii ‘Colossus’, M. insignis ‘Anita Figlar’, and 11 hybrid siblings. Mean diamonds 
have horizontal lines at treatment mean, with top and bottom of populations showing 
95% confidence. 
 
Parental means for this indicator of lamina area are significantly different from one 
another (Table 2.5, Figure 2.28). Similar to the lamina width means separation, these 
means are closely aligned, with the pollen parent. While the means for some siblings are 
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less than the pollen parent, they not significantly different than one another. Lamina 
index is not a trait that can be used to validate hybridity. 
 
  
  
Figure 2.28. Means comparisons for lamina index (length ×width) of M. sieboldii 
‘Colossus’, M. insignis ‘Anita Figlar’, and 11 hybrid siblings. Mean diamonds have 
horizontal lines at treatment mean, with top and bottom of populations showing 95% 
confidence. 
Parental means for petiole length are significantly different from one another, but 
do not frame the means of the siblings (Table 2.5, Figure 2.29). The sibling means for 
this trait are mostly negatively heterotic, or not significantly different than the pollen 
parent. Petiole length is not a trait that can be used to validate hybridity. This result is 
very similar to the result found in lamina length means separation. 
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Figure 2.29. Means comparisons for petiole length of M. sieboldii ‘Colossus’, M. 
insignis ‘Anita Figlar’, and 11 hybrid siblings. Mean diamonds have horizontal lines at 
treatment mean, with top and bottom of populations showing 95% confidence. 
 
Parental means for petiole length are slightly significantly different from one 
another (Table 2.5, Figure 2.30). As with petiole length, the sibling means for this trait 
are mostly negatively heterotic, or not significantly different than the pollen parent. 
Stipular scar length is not a trait that can be used to validate hybridity. This result is very 
similar to the result found in lamina length means separation, and relative given the 
stipule protects the newly emerging lamina. 
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Figure 2.30. Means comparisons for stipular scar length of M. sieboldii ‘Colossus’, M. 
insignis ‘Anita Figlar’, and 11 hybrid siblings. Mean diamonds have horizontal lines at 
treatment mean, with top and bottom of populations showing 95% confidence. 
The parental means for stipular scar length to petiole length percentage were not 
significantly different (Table 2.5, Figure 2.31 and 2.32). Siblings were a mixture of 
negatively heterotic or not significantly different than the parents. The instability in this 
trait illustrates a mix of outcomes seen in transgressive segregation, making hybridity 
confirmation impossible. 
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Figure 2.31. Stipular scar percentage comparisons from random samples of M. sieboldii 
‘Colossus’ (left), Hybrid individual (center), and M. insignis ‘Anita Figlar’ (right). 
Fractions represent measure to nearest millimeter of stipular scar length relative to overall 
petiole length.   
 
Figure 2.32. Means comparisons for percentage of stipular scar length to petiole length 
of M. sieboldii ‘Colossus’, M. insignis ‘Anita Figlar’, and 11 hybrid siblings. Mean 
diamonds have horizontal lines at treatment mean, with top and bottom of populations 
showing 95% confidence. 
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In De Heredia, et. al. (2018) and Handy, et. al, (2004)., fluctuating asymmetry of 
foliage was found to be more common in hybrids and sometimes correlated to lack of 
fitness. Though variation in most morphometrics and frequent negative heterosis was 
revealed in progeny of this cross, asymmetry was not observed. Though additional 
evaluation and trials in different environmental conditions are necessary, this result 
reflects positively on the potential of this wide hybrid to avoid reduced fitness from 
deleterious disruption of complementary genes. Transgressive segregation may ultimately 
be a vector for niche divergence with this hybrid. These morphological results tend to 
follow Prediction 2 by Riesenberg, et al., (1999) that stated the frequency of transgressive 
segregation and presence of extreme phenotypes should positively correlate to the genetic 
distance between the parental lines, as observed in these intersectional hybrid results.  
In comparison, the intrasectional hybrid, M. foveolata ‘Shibamichi’ × M. laevifolia 
‘Gail’s Favorite’ led to overall vigor and a gradient of typically intermediate phenotypic 
traits, while the intersectional hybrid, M. sieboldii ‘Colossus’ × M. insignis ‘Anita 
Figlar’, led to modest vigor and extreme phenotypic traits with frequent negative 
heterosis. Outside of cultivation, the narrow hybrid will have greater fitness and be less 
likely to become reproductively isolated. Cultivars of ornamental importance can be 
selected from this progeny due to the vigor and quality of foliage and flowers. Open 
pollinated seed has already been produced, backcrosses have led to viable offspring, and 
complex hybrids have been developed through crosses with M. figo var. crassipes. As 
these advanced generation hybrids mature they will provide additional data to improve 
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understanding of patterns of inheritance in Magnolia. The wide hybrid, though negatively 
heterotic for multiple traits, still represents a garden worthy plant as most individuals are 
ultimately more heat tolerant than the seed parent in USDA Zone 7-9. In the case of this 
hybrid, reduced lamina dimensions coupled with a cuticle layer consistent with the pollen 
parent are likely the reasons for the observed heat tolerance. From this we can infer, that 
in an appropriate environmental niche, results of transgressive segregation may lead to 
more ecological tolerance of some abiotic factors. From an ornamental standpoint, 
reduced vigor potentially occurring from an interaction of negatively heterotic traits is not 
necessarily detrimental to the prospect of landscape worthiness.  Compact growth was 
one of the stated breeding objectives and M. sieboldii ‘Colossus’ × M. insignis ‘Anita 
Figlar’ combines this objective with successful color introgression, making it one of the 
most ornamentally desirable new magnolia hybrids. Evergreen foliage is the primary 
improvement that could boost commercial interest. In Mendelian inheritance we could 
speculate that recombination in an F2 population would result in some evergreen pink 
flowered individuals. With the floral precocity observed in this hybrid, development of 
advanced generations with recombinants seemed promising, but no viable offspring have 
been reported. Therefore, another positive result of transgressive segregation in F1 
progeny could be a disruption of the epistatic relationship in the alleles that control leaf 
retention. Given enough repetitions of the cross, an evergreen pink flowered individual 
could surface in the first generation.   
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 CHAPTER THREE 
GENETIC VARIATION OF INTERSPECIFIC HYBRID MAGNOLIAS 
DETERMINED BY ISSR MARKERS 
 
Additional Index Words. Magnolia foveolata ‘Shibamichi’, Magnolia laevifolia ‘Gail’s 
Favorite’, Magnolia sieboldii ‘Colossus’, Magnolia insignis ‘Anita Figlar’, interspecific 
hybrid, ISSR markers, polymorphic bands 
 
Abstract. Inter simple sequence repeat (ISSR) molecular markers were used to investigate 
interspecific genetic variation in 2 novel Magnolia hybrids. Analyses were performed 
with parental taxa and hybrid progeny from an intrasectional cross, Magnolia foveolata 
‘Shibamichi’ (Section Michelia) × Magnolia laevifolia ‘Gail’s Favorite’ (Section 
Michelia), and an intersectional cross, Magnolia sieboldii ‘Colossus’ (Section 
Rhytidospermum) × Magnolia insignis ‘Anita Figlar’ (Section Manglietia). 
Polymorphism percentages were higher within the intersectional progeny (41.6%) than 
the intrasectional progeny (35.7%). Parents of the intersectional hybrids had fewer shared 
bands (27.8%) than the parents of the intrasectional hybrid (43.1%). Species-specific 
bands can serve as markers within the variable progeny that could be used for cultivar 
determination or marker assisted breeding.  In a combined analysis of each set of hybrids 
and parental taxa, a pairwise matrix of relative genetic distances revealed no significant 
difference in the distance between parental species in the intersectional (0.362) and 
intrasectional (0.392) cross. An unrooted Neighbor Joining dendrogram clustered the taxa 
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into two groups with hybrid progenies distinct from their parents. The greatest genetic 
distance was between each set of new hybrids (0.763) illustrating ongoing divergence via 
hybridization. 
 
Introduction 
The family Magnoliaceae consists of 2 genera; Magnolia and Liriodendron, with 
Magnolia including more than 250 species belonging to various sections within three 
subgenera (Figlar and Nooteboom, 2004). Species are distributed in tropical and 
temperate climates of Asia, North America, Central America, and South America 
(Azuma et. al., 2001). The distribution of plants in the family Magnoliaceae lends 
significant data to study plant evolution and biogeography (Cicuzza et al., 2007). Nie, et. 
al (2008) describe a complex pattern of divergent evolution that began during a period of 
global cooling in the Early Eocene (54 mya) resulting in the most basal clade, represented 
by species in Section Taluama within Subgenus Magnolia. Species within Subgenus 
Yulania were results of a divergence in the Middle Oligocene (28 mya). Section Michelia 
is most distant from the basal clade, Section Taluama in phylogenetic reconstructions by 
Kim et. al, (2001) and Nie, et. al (2008). The size and abundance of flowers on magnolias 
has led to a long history of breeding and cultivar introduction (Callaway, 1994). In 
addition to the ornamental merits of magnolias, certain species are valued for timber, 
food, medicinal, and cosmetic use (Hu, 2000; Ling, 2000; Li, et. al, 2000). These uses 
have led to exploitation, habitat loss and 112 species being placed on the World 
Conservation Union (IUCN) Red List of threatened species (Cicuzza et al., 2007).  
 
 99 
Hybridization can lead to novel outcomes, promote biodiversity and potentially 
play a diverse role in speciation. The novelty and diversity developed from hybridization 
provides opportunity for investigation that deserves attention (Abbott, et al., 2013, Soltis, 
2013). Polymorphism is an indication of genetic diversity in a population with variation 
influenced by factors such as generation length, taxonomic status, habitat, fecundity, 
pollination mechanism, seed dispersal mechanism, and chromosome number (Hamrick, et 
al., 1979). Closely related species are likely to hybridize more often (Abbott, et al., 
2013), but wide hybridization can be achieved (Ranney, et al., 2003, Ranney and Fantz, 
2006), and depending on relatedness, result in a mix of parental, recombinant, or extreme 
phenotypes (Rieseberg, et. al, 1993). As basal angiosperms with a long history of 
successful interspecific hybridization across taxonomic sections and ploidy levels (Parris 
et al., 2010), Magnolias are an ideal group of plants to investigate.  
Molecular markers have been used to detect genetic polymorphisms to assess 
genetic diversity, varying in their detection methods and cost (Sousa, et al., 2015). 
Specifically, inter simple sequence repeat (ISSR) markers are a useful method of 
assessing genetic diversity (Yu, et. al, 2011), genetic structure (Li and Jin, 2008), and 
genetic relationships (Li et al, 2009, Yang et. al, 2013). ISSRs involve in vitro 
amplification of sequences between microsatellites and are capable of multi-locus 
analysis (Sousa et al., 2015). Complementary genes at multiple loci play a primary role in 
the development of intermediate phenotypes and transgressive segregation (Reiseberg, et 
al., 1999). Interspecific analyses with high rates of polymorphism and increased number 
of bands per primer indicate high genetic variability, and bands identified as species-
 
 100 
specific are useful for hybridity confirmation and differentiation of cultivars (Sousa et. al, 
2015). 
Magnolias have been widely hybridized. McDaniel (1968), Tredseder (1978), 
Ledvina (1985), Callaway (1994), Langford (1994), Dirr (1998), and Bunting (2017) 
document numerous cultivars that typically display parental traits in varying gradients of 
codominance, though heterosis is also evident (Callaway, 1994). While there have been 
population diversity studies (Yu, et. al, 2011) and species comparisons (Yang et. al, 
2013) with magnolias, the literature lacks reports of phenotypic and molecular variation 
among hybrid siblings. Detailed morphological descriptions are limited to commercially 
produced clonal selections. The objective of this research was to compare the genetic 
diversity of 2 new interspecific hybrid progenies; an intrasectional cross, Magnolia 
foveolata × Magnolia laevifolia (Section Michelia), and an intersectional cross, Magnolia 
sieboldii ‘Colossus’ (Section Rhytidospermum) × Magnolia insignis ‘Anita Figlar’ 
(Section Manglietia). 
Materials and Methods 
Magnolia foveolata (Merr. Ex Dandy) Figlar ‘Shibamichi’ is a diploid 
(2n=2x=38) cultivar (Parris et al, 2010) derived from the evergreen species native to 
Southern China and Vietnam, it is taxonomically placed in Subgenus Yulania, Section 
Michelia (Figlar and Noteboom, 2004). A specimen of this cultivar at Magnolian Grove 
Arboretum (USDA Zone 7) has exhibited a strongly pyramidal growth habit with 
excellent vigor and hardiness, exceeding 5 meters over a 10 year period. Magnolia 
laevifolia (Law & Y.F.Wu) Noot. ‘Gail’s Favorite’ is a cultivar selection of the diploid 
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species (2n=2x=38) (Parris et al, 2010), native to the Yunnan Province of China. This 
species is also a member of Subgenus Yulania, Section Michelia (Figlar and Noteboom, 
2004). A specimen of this cultivar at the J.C. Raulston Arboretum (USDA Zone 7), is 
multi-stem and spreading, reaching 2 meters in 6 years. Hybridization of M. foveolata 
‘Shibamichi’ x M. laevifolia ‘Gail’s Favorite’ provides insight into the genetic variation 
of an intrasectional hybrid.  
Magnolia sieboldii (K. Koch) ‘Colossus’ is a diploid (2n=2x=38) cultivar (Parris 
et al, 2010) of the deciduous species native to Korea, Eastern China, and Japan M. 
sieboldii is positioned in Subgenus Magnolia, Section Rhytidospermum, Subsection 
Oyama, closely aligning it with several other Asian species and the North American 
species M. tripetala L. (Figlar and Noteboom 2004). A specimen of M. sieboldii 
‘Colossus’ in the Spartanburg Community College (SCC) Arboretum (USDA Zone 7) 
has exhibited a shrubby, low branched growth habit reaching 2 meters in height over a 6-
year period. Magnolia insignis (Wall) ‘Anita Figlar’ is a cultivar selection of the diploid 
species (2n=2x=38) (Parris et al, 2010), native to Southern China and Vietnam and 
taxonomically assigned to Section Manglietia (Figlar and Noteboom 2004). The parent 
specimen of this cultivar is narrowly conical with growth exceeding 5 meters of height in 
10 years in the Magnolian Grove Arboretum, Six Mile, SC. (USDA Zone 7). As an 
intersectional hybrid, this cross provides comparative data to the intrasectional cross M. 
foveolata ‘Shibamichi’ × M. laevifolia ‘Gail’s Favorite’. 
Intrasectional Hybridization. In April 2010 pollen was harvested from M. 
laevifolia ‘Gail’s Favorite’ at the North Carolina State University Mountain Crop 
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Improvement Lab, Mills River, NC, transported the same day to Magnolian Grove 
Arboretum, Six Mile, SC, and applied to flowers of M. foveolata ‘Shibamichi’. 
Pollinations were performed on three flowers at approximately 3:00 pm Eastern Standard 
Time (EST). Flowers were carefully opened preceding anticipated natural tepal 
displacement to ensure controlled pollination. Pollen was applied to stigmas via fingers, 
and tepals were carefully folded back into place. By September 2010, one fruit developed 
and produced over 50 seed, which were shared among the cooperative locations. Seed 
was provided cool moist stratification at 4 °C for 5 months. Plants were germinated in 
spring 2011 and 25 were trialed in the SCC Arboretum. Each accession exceeded 5 
meters in height within 6 years. Variability in foliage size and indumentum density was 
apparent in the hybrids within 3 years, which stimulated the interest in performing the 
molecular study.  
Intersectional Hybridization. In May 2014 pollen was harvested from M. insignis 
‘Anita Figlar’ at Magnolian Grove Arboretum, Six Mile. SC. Flowers with cascading 
outer tepals (indicating they had been in the female phase the previous evening) were 
collected at 5:00 pm EST. Stamens naturally abscised from the gynandrophore by 7:00 
pm and were dried on paper at ambient temperature. Within 12 hours dehisced pollen was 
manually separated from the stamens and stored in envelopes within a sealed container 
containing desiccant at 4.4 °C. This pollen was applied to numerous flowers of a well 
sited specimen of M. sieboldii ‘Colossus’ in the Spartanburg Community College 
Arboretum over a 3-day period at approximately 5:00 pm EST each day.  Flowers were 
opened preceding the first anticipated natural tepal displacement (female phase) to ensure 
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controlled pollination. Three fruit developed, were harvested at the earliest indication of 
follicle dehiscence in September 2014, resulting in a total of 40 seeds. These were 
provided cool moist stratification at 4 °C for 5 months, germinated in spring 2015, and 
cultured in containers until foliage was harvested for analysis in 2016. No morphological 
variation was readily discernable in the hybrids within 2 years.  
DNA Extraction and PCR Amplification. In December 2014, one fresh leaf per 
plant was selected from each of 11 siblings, 2 parents of the M. foveolata ‘Shibamichi’× 
M. laevifolia ‘Gail’s Favorite’ hybridization, and a male comparator specimen from 
Magnolian Grove Arboretum. The accessions of hybrid progeny, representing half of the 
extant specimens were chosen due to their apparent phenotypic variation in foliage 
dimensions, indumentum color and density, and growth habit. In May 2016, one fresh 
leaf per plant was selected from each of 15 siblings, the 2 parents of the M. sieboldii 
‘Colossus × M. insignis ‘Anita Figlar’ hybridization, and 4 male comparator specimens 
from the South Carolina Botanical Garden in Clemson, SC. The accessions of this hybrid 
progeny chosen for analysis represented all extant plants remaining under evaluation in 
the SCC Arboretum, as additional accessions were distributed to other arboreta. With 
each sampling, tissue was stored in sealed plastic bags with a moist paper towel, in a 
cooler with ice and transported the same day to the Woody Plant Research Lab at the 
Miller Plant Sciences Building, University of Georgia, Athens, Georgia. 
Leaves were ground in liquid nitrogen and genomic DNA was extracted using the 
QIAGEN DNeasy Plant Mini Kit and protocols (Quiagen N.V., Hilden, Germany). The 
concentration and purity of DNA were determined using a spectrophotometer 
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(ThermoScientific NanoDrop Lite, Fisher Scientific, Pittsburgh, Pennsylvania) at A260 
and A280. DNA extracts were diluted to a concentration of 10 ng/ µl and stored at -20℃ 
until amplification (Lv and Hu, 2012). Sixteen ISSR primers used by Yang et. al (2013) 
in an analysis of 25 Magnolia taxa in Section Michelia revealed polymorphic bands. 
These were chosen for this study. (Table 3.1) 
 
Table 3.1. UBC Primers chosen for use in this study and their prescribed 
annealing temperature. 
Primer  Sequence 
(5’-3’)  
Annealing 
Temperature/℃ 
Primer  Sequence 
(5’-
3’) 
Annealing 
Temperature/℃ 
      
808 (AG)8C 56 828 (TG)8A 52 
812 (GA)8A 52 846 (CA)8RT 54 
815 (CT)8G 54 847 (CA)8RC 54 
816 (CA)8T 56 855 (AG)8YT 52 
817 (CA)8A 54 857 (AC)8YG 54 
818 (CA)8G 56 864 (ATG)6 56 
825 (AC)8T 60 866 (CTC)6 54 
827 (AC)8G 56 880 (GGAGA)3 54 
 
 Amplifications were performed using selected UBC primers in a reaction mixture 
containing 3 μl DNA solution, 10 μl AmpliTaq Gold 360 Master Mix, 1 μl primer and 6 
μl ddH2O in a final volume of 20 μl. in a thermal cycler (Eppendorf Mastercycler Pro). 
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The program was initial denaturation at 94℃ for 5 min, followed by 40 cycles of 
denaturation for 30 s at 94℃, annealing for 45 s at 52-60℃ (temperature dependent on 
recommendation per primer), extension at 72℃ for 1.5 min and a final extension at 72℃ 
for 7 min. Tubes were held at 4℃ until removal. PCR products were electrophoresed on 
1.2% agarose gel in 0.5X Tris Borate EDTA (TBE) buffer with 2 drops of ethidium 
bromide per 120 ml solution at 120 V for 80 min. A 100 bp DNA ladder was used as a 
standard molecular weight for comparison to bands produced from the parental and 
sibling DNA. Gels were photographed under UV light in a UVP BioDoc-ItTM Imaging 
System. 
Data Analysis. Amplified fragments were scored manually as either present (1) or 
absent (0) to generate a binary matrix set. Bands with the same size were considered to be 
allelic according to the weight of the 100bp DNA ladder. Weak or ambiguous bands were 
excluded from the analysis (Chen and Chen, 2014). Polymorphism percentages derived 
for each ISSR primer were calculated as follows: Polymorphic bands= (Total bands – 
shared bands)/ total bands. Bands specific to or shared by each species were categorized 
in each data set as an additional comparison of genetic similarity between the species, 
confirmation of hybridity, and to potentially identify markers for cultivar verification 
from current and future progeny. Genetic distances within and between each set of 
parental species and their hybrid accessions were determined by mean character 
differences in PAUP* Version 4.0 (Swofford, 2003). These distances were assembled 
into a pairwise distance matrix and illustrated with an unrooted dendrogram generated 
with the Neighbor Joining algorithm (Saitou and Nei, 1987) in PAUP*. Genetic distances 
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of taxa were categorized by their taxonomic relationship (Figlar and Noteboom, 2004) 
and analyzed using one-way analysis of variance (ANOVA) and the Student’s t test, 
α=0.05. (JMP Pro 13.1, Copyright 2016 SAS Institute Inc.). The categories were as 
follows. 
1. Distance between the accessions of M. laevifolia  
2. Distance between the accessions of M. insignis   
3. Distance between the accessions of species within Sections 
4. Distance between the accessions of species between sections  
5. Distance between the accessions of species between subgenera  
6. Distance between the accessions of Intersectional Hybrids of M. sieboldii and M. 
insignis and their parental species  
7. Distance between the accessions of Intrasectional Hybrids of M. foveolata and M. 
laevifolia and their parental species 
8. Distance between the accessions of Intersectional Hybrids of M. sieboldii and M. 
insignis   
9. Distance between the accessions of Intrasectional Hybrids of M. foveolata and M. 
laevifolia   
10. Distance between the accessions of Intersectional Hybrids of M. sieboldii and M. 
insignis (Subgenus Magnolia) and the species used in the other cross (Subgenus 
Yulania); and Distance between the accessions of Intrasectional Hybrids of M. 
foveolata and M. laevifolia (Subgenus Yulania) and the species used in the other 
cross (Subgenus Magnolia)  
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11. Distance between the accessions of Intersectional Hybrids of M. sieboldii and M. 
insignis (Subgenus Magnolia) and the accessions of Intrasectional Hybrids of M. 
foveolata and M. laevifolia (Subgenus Yulania)  
 
Results 
Molecular variation. During genetic analyses of M. foveolata ‘Shibamichi × M. 
laevifolia ‘Gail’s Favorite’ 16 ISSR primers were tested and 9 (56%) resulted in 
satisfactory amplification as demonstrated in (Fig. 3.1). In each successful 
electrophoresis variations in banding patterns between the parents and among the hybrid 
progeny were visually revealed. Comparator accessions of M. laevifolia were identical to 
one another, while differing from the pollen parent. Tissue harvested from rooted cuttings 
of accessions F and H, displayed identical banding patterns as expected for clonal DNA.  
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Figure 3.1. Gel electrophoresis illustrating parents, M. laevifolia comparators, and 11 
offspring of Magnolia foveolata ‘Shibamichi’ × Magnolia laevifolia ‘Gail’s Favorite, 
using University of British Columbia inter simple sequence repeat primer 815.  
 
Banding pattern from 9 ISSR primers revealed 494 total loci in sizes ranging from 100 to 
1400bp in the 13 individuals of the two generations, among which 299 loci (60.5%) were 
polymorphic. The number of revealed bands varied from 3 to 9 per primer, totaling 51. 
The ISSR primer UBC 815 amplified the highest percentage of polymorphic bands (PPB 
= 100%), while the primer UBC 828 produced the lowest percentage among the 9 
primers (PPB = 35.0%). When data from the offspring are exclusively evaluated, 428 
bands were present, of which 153 (35.7%) were polymorphic loci (Table 3.2). 
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Table 3.2. Sequences of 9 primers successfully used in the ISSR analysis of parents and 
11 offspring of M. foveolata ‘Shibamichi’ × M. laevifolia ‘Gail’s Favorite’ and number of 
amplified bands per primer and their polymorphism. 
 
Primer Sequence (5’-3’) Taz (℃) TBy PBx PPBw (%) 
UBC 812 (GA)8A 52 79 40  50.6 
UBC 815 (CT)8G 54 69 69 100 
UBC 817 (CA)8A 54 55 29  52.7 
UBC 828 (TG)8A 52 20 7  35.0 
UBC 834 (AG)8YT 56 95 69  72.6 
UBC 835 (AG)8YC 56 64 25  39.1 
UBC 847 (CA)8AC 54 50 24  48.0 
UBC 857 (AC)8YG 54 25 12  48.0 
UBC 880 (GGAGA)3 54 37 24  64.9 
 - - 494 
428 
299 
153 
60.5v 
35.7u 
z Annealing temperature. 
y Total number of bands.  
x Polymorphic bands.  
w Percentage of polymorphic bands. 
v Percentage of polymorphic bands of parents and siblings. 
u Percentage of polymorphic bands of siblings only. 
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From the 51 bands revealed, 11 (21.6%) specific to M. foveolata ‘Shibamichi’ and 18 
(35.3%) specific to M. laevifolia ‘Gail’s Favorite’ were identified. Twenty-two bands 
(43.1%) were shared by the species (Table 3.3). 
 
Table 3.3. Species-specific and shared bands generated by ISSR primers in the analysis 
of parents, a male comparator, and 11 offspring of M. foveolata ‘Shibamichi’ × M. 
laevifolia ‘Gail’s Favorite’. 
  
Primer 
(UBC) 
M. foveolata 
Exclusive Bands  
M. laevifolia 
Exclusive Bands  
Shared Bands 
812 
815 
817 
828 
834 
835 
847 
857 
880 
- 
700, 600, 550Z 
1100 
600 
100 
700 
1000 
800 
1200, 700 
500, 475, 300, 240 
1150, 900, 750 
425, 375 
410, 380 
1100, 400, 300 
750 
700 
1300, 600 
- 
950, 900, 650, 600, 450 
1400, 950 
900, 675, 450 
- 
1000, 775, 500, 200 
1050, 500, 425, 325 
1350, 1100 
450 
900 
Bands per 
category 
11 18 22 
Percent of 
Total Bands 
(51) 
21.6 35.3 43.1 
         z base pairs. 
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In the M. sieboldii ‘Colossus’ × M. insignis ‘Anita Figlar’ analysis, 16 ISSR 
primers were tested and 8 (50%) resulted in satisfactory amplification. In each successful 
gel electrophoresis, variations in banding patterns between the parents and among the 
hybrid progeny were visually revealed (Fig. 3.2). Banding patterns of the M. insignis 
accessions were also variable. 
 
 
Figure 3.2. Gel electrophoresis illustrating parents, 4 M. insignis comparators, and 15 
offspring of (Magnolia sieboldii ‘Colossus’ × Magnolia insignis ‘Anita Figlar’), siblings, 
using University of British Columbia inter simple sequence primer 815. 
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Eight ISSR primers revealed 571 total bands in sizes ranging from 275 to 1500bp 
in the 17 individuals of the two generations, among which 384 loci (67.3%) were 
polymorphic (Table 3.4). The number of revealed bands varied from 3 to 7 per primer, 
totaling 36. The ISSR primers UBC 834, 835, and 880 were most polymorphic (PPB = 
100%), while the primer UBC 817 amplified only monomorphic loci (PPB = 0.00%). 
When data from the 15 offspring are exclusively evaluated, 527 bands were present, of 
which 219 (41.6%) were polymorphic loci. 
 Table 3.4. Sequences of 7 primers successfully used in the ISSR analysis of 
parents and 15 offspring of M. sieboldii ‘Colossus’ × M. insignis ‘Anita Figlar’ with 
number of amplified bands per primer and their polymorphism. 
Primer Sequence (5’-3’) Taz (℃) TBy PBx PPBw (%) 
UBC 815 (CT)8G 54 56 22  39.3 
UBC 827 (AC)8G 56 72 55  76.4 
UBC 834 (AG)8YT 56 103 103 100 
UBC 835 (AG)8YC 56 56 56 100 
UBC 857 (AC)8YG 54 92 58  63.0 
UBC 864 (ATG)6 56 99 48  48.5 
UBC 880 (GGAGA)3 54 42 42 100 
   571 
527 
384 
219 
67.3v 
41.6u 
z Annealing temperature. 
y Total number of bands.  
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x Polymorphic bands.  
w Percentage of polymorphic bands. 
v Percentage of polymorphic bands of parents and siblings. 
u Percentage of polymorphic bands of siblings only. 
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From the 36 bands revealed, 14 (38.9%) specific to M. sieboldii ‘Colossus’ and 12 
(33.3%) specific to M. insignis ‘Anita Figlar’ were identified. Ten (27.8.1%) were shared 
by the parental taxa (Table 3.5). 
 
Table 3.5. Species-specific and shared bands generated by ISSR primers in the analysis 
of parents, male comparators and 15 offspring of M. sieboldii ‘Colossus’ × M. insignis 
‘Anita Figlar’. 
  
Primer (UBC) M. sieboldii 
Exclusive Bands  
M. insignis 
Exclusive Bands  
Shared Bands 
815 
827 
834 
835 
857 
864 
880 
800Z 
1150, 700 
1350, 900, 600, 375, 250 
1000, 850 
1000 
275 
850, 700 
1100 
480 
800, 550 
450 
1300, 900, 500, 325 
500, 350 
450 
700, 600 
675, 380 
- 
350 
750, 425 
1400, 850, 600 
- 
Bands per 
category 
14 12 10 
Percent of 
Total Bands 
(36)  
38.9 33.3 27.8 
z base pairs. 
 
In the combined phylogenetic analysis including taxa from both crosses, pairwise 
distances between taxa varied from 0.015 (between accessions of M. insignis) to 0.862 
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(between (M. foveolata × M. laevifolia) accession K and (M. sieboldii × M insignis) 
accession A). Distances between species ranged from 0.376 (between M. insignis ‘Anita 
Figlar’ and M. sieboldii ‘Colossus’) to .690 (between M. sieboldii ‘Colossus’ and the M. 
laevifolia comparator). The narrow distances between the accessions of M. insignis are 
likely not representative of the diversity within the species because 4 of the 5 (‘Anita 
Figlar’, SCBG 9210, SCBG 9211, SCBG 9212 were all acquired from the same source. 
Piroche Plants Inc., Pitt Meadows, British Columbia, Canada and are speculated to be 
seedlings from the same stock plant as germplasm of M. insignis in North America is 
represented by limited collections (Figlar pers. com., 2018). The distance (0.243) 
between the two accessions of M. laevifolia are likely more representative of the diversity 
in that species. (Table 3.4).  
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Table 3.6. Pairwise distances between taxa of the intrasectional cross M. foveolata 
‘Shibamichi’(FOV) × M. laevifolia ‘Gail’s Favorite’ (LAEV), 11 hybrid offspring (F×L-
C. F×L-F, etc.), a M. laevifolia comparator (LAEV2), and the intersectional cross M. 
sieboldii ‘Colossus’ (SIEB) × M. insignis ‘Anita Figlar’ (INSIG) along with 4 M. insignis 
comparators (INSIG1-4), and 15 hybrid offspring (S×I-A. S×I-B, etc.). Above diagonal: 
Mean character differences. Below diagonal: Total character differences. 
 SIEB INSIG INSIG1 INSIG2 INSIG3 INSIG4 S×I-A S×I-B S×I-C 
SIEB - 0.377 0.362 0.362 0.348 0.333 0.174 0.203 0.188 
INSIG 26 - 0.044 0.015 0.029 0.072 0.203 0.174 0.188 
INSIG1 25 3 - 0.029 0.015 0.058 0.217 0.188 0.174 
INSIG2 25 1 2 - 0.015 0.058 0.188 0.159 0.174 
INSIG3 24 2 1 1 - 0.044 0.203 0.174 0.159 
INSIG4 23 5 4 4 3 - 0.217 0.188 0.144 
S×I-A 12 14 15 13 14 15 - 0.029 0.072 
S×I-B 14 12 13 11 12 13 2 - 0.044 
S×I-C 13 13 12 12 11 10 5 3 - 
S×I-D 12 14 16 13 12 11 6 6 5 
S×I-E 11 15 14 14 15 14 5 7 8 
S×I-F 13 13 10 12 13 12 3 1 2 
S×I-G 15 11 14 10 9 10 5 5 6 
S×I-H 13 13 15 12 13 14 3 3 6 
S×I-I 12 14 12 13 14 13 2 4 5 
S×I-J 13 13 14 12 11 10 5 5 4 
S×I-K 13 13 16 12 13 12 5 3 4 
S×I-L 13 15 19 14 15 16 3 5 8 
S×I-M 10 16 10 17 18 17 6 8 9 
S×I-N 17 9 11 8 9 8 7 5 6 
S×I-O 18 10 36 9 10 11 8 6 9 
FOV 35 35 34 36 35 34 44 43 40 
LAEV 39 33 35 34 33 32 44 43 40 
LAEV2 40 34 40 35 34 33 45 44 41 
F×L-C 43 39 38 40 39 38 48 47 44 
F×L-F 41 37 36 38 37 36 46 45 42 
F×L-H 39 35 36 36 35 34 44 43 40 
F×L-K 43 41 40 42 41 40 50 49 46 
F×L-L 39 37 38 38 37 36 46 45 42 
F×L-M 41 37 38 38 37 36 46 45 42 
F×L-N 43 41 40 42 41 40 50 49 46 
F×L-O 37 33 34 34 33 32 42 41 38 
F×L-P 39 35 36 36 35 34 44 43 40 
F×L-Q 40 36 37 37 36 35 45 44 41 
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F×L-R 41 39 40 40 39 38 48 47 44 
 
Table 3.4., cont.   
 S×I-D S×I-E S×I-F S×I-G S×I-H S×I-I S×I-J S×I-K S×I-L 
SIEB 0.174 0.159 0.188 0.217 0.188 0.174 0.188 0.188 0.188 
INSIG 0.203 0.217 0.188 0.159 0.188 0.203 0.188 0.188 0.217 
INSIG1 0.188 0.232 0.203 0.145 0.203 0.217 0.174 0.203 0.231 
INSIG2 0.188 0.203 0.174 0.145 0.174 0.188 0.174 0.174 0.203 
INSIG3 0.174 0.217 0.188 0.130 0.188 0.203 0.159 0.188 0.217 
INSIG4 0.159 0.203 0.174 0.145 0.203 0.188 0.145 0.174 0.232 
S×I-A 0.087 0.072 0.044 0.072 0.044 0.129 0.072 0.072 0.044 
S×I-B 0.087 0.101 0.014 0.072 0.044 0.058 0.072 0.044 0.072 
S×I-C 0.072 0.116 0.029 0.087 0.087 0.072 0.058 0.058 0.116 
S×I-D - 0.044 0.072 0.044 0.101 0.087 0.044 0.101 0.130 
S×I-E 3 - 0.087 0.087 0.116 0.072 0.058 0.116 0.116 
S×I-F 5 6 - 0.087 0.058 0.044 0.058 0.023 0.087 
S×I-G 3 6 6 - 0.058 0.072 0.058 0.116 0.116 
S×I-H 7 8 4 4 - 0.044 0.116 0.058 0.058 
S×I-I 6 5 3 5 3 - 0.072 0.072 0.072 
S×I-J 3 4 4 4 8 5 - 0.087 0.116 
S×I-K 7 8 2 8 4 5 6 - 0.058 
S×I-L 9 8 6 8 4 5 8 4 - 
S×I-M 8 5 7 11 7 6 9 7 7 
S×I-N 5 6 4 4 6 5 4 6 10 
S×I-O 6 7 7 5 7 8 7 9 11 
FOV 40 41 42 41 41 42 42 40 41 
LAEV 40 41 42 39 43 42 40 42 43 
LAEV2 41 42 43 40 44 43 41 43 44 
F×L-C 46 47 46 45 47 46 46 46 47 
F×L-F 44 45 44 43 45 44 44 44 45 
F×L-H 42 43 42 41 43 42 42 42 43 
F×L-K 48 49 48 47 47 48 48 46 47 
F×L-L 44 45 44 43 43 44 44 42 43 
F×L-M 44 45 44 43 45 44 44 44 45 
F×L-N 48 49 48 47 47 48 48 46 47 
F×L-O 40 41 40 39 41 40 40 40 41 
F×L-P 42 43 42 41 43 42 42 42 43 
F×L-Q 43 44 43 42 44 43 43 43 44 
F×L-R 46 47 46 45 45 46 46 44 45 
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Table 3.4., cont.   
 S×I-M S×I-N S×I-O FOV LAEV LAEV2 F×L-C F×L-F F×L-H 
SIEB 0.145 0.246 0.261 0.603 0.672 0.690 0.741 0.707 0.672 
INSIG 0.231 0.130 0.145 0.603 0.569 0.586 0.672 0.638 0.603 
INSIG1 0.275 0.145 0.159 0.621 0.552 0.569 0.655 0.620 0.621 
INSIG2 0.246 0.116 0.130 0.621 0.586 0.603 0.690 0.655 0.621 
INSIG3 0.261 0.130 0.145 0.603 0.569 0.586 0.672 0.638 0.603 
INSIG4 0.246 0.116 0.159 0.586 0.552 0.569 0.655 0.621 0.586 
S×I-A 0.087 0.101 0.116 0.759 0.759 0.776 0.828 0.793 0.759 
S×I-B 0.116 0.072 0.087 0.741 0.741 0.759 0.810 0.776 0.741 
S×I-C 0.130 0.087 0.130 0.690 0.690 0.707 0.759 0.724 0.690 
S×I-D 0.116 0.072 0.087 0.690 0.690 0.707 0.793 0.759 0.724 
S×I-E 0.072 0.087 0.101 0.707 0.707 0.724 0.810 0.776 0.741 
S×I-F 0.101 0.058 0.101 0.724 0.724 0.741 0.793 0.759 0.724 
S×I-G 0.159 0.058 0.072 0.707 0.672 0.690 0.776 0.741 0.707 
S×I-H 0.101 0.087 0.101 0.707 0.741 0.759 0.810 0.776 0.741 
S×I-I 0.087 0.073 0.106 0.724 0.724 0.741 0.793 0.759 0.724 
S×I-J 0.130 0.058 0.101 0.724 0.690 0.707 0.793 0.759 0.724 
S×I-K 0.101 0.087 0.130 0.690 0.724 0.741 0.793 0.759 0.724 
S×I-L 0.101 0.144 0.159 0.707 0.741 0.759 0.810 0.776 0.741 
S×I-M - 0.159 0.174 0.655 0.724 0.741 0.793 0.759 0.724 
S×I-N 11 - 0.044 0.707 0.672 0.690 0.776 0.742 0.707 
S×I-O 12 3 - 0.707 0.707 0.724 0.810 0.776 0.741 
FOV 38 41 41 - 0.392 0.392 0.257 0.230 0.284 
LAEV 42 39 41 29 - 0.243 0.189 0.162 0.162 
LAEV2 43 40 42 29 18 - 0.216 0.297 0.351 
F×L-C 46 45 47 19 14 16 - 0.162 0.189 
F×L-F 44 43 45 17 12 22 12 - 0.108 
F×L-H 42 41 43 21 12 26 14 8 - 
F×L-K 46 47 49 15 14 24 8 6 12 
F×L-L 42 43 45 19 10 24 14 8 6 
F×L-M 44 43 45 19 12 24 8 10 10 
F×L-N 46 47 49 18 11 23 9 7 9 
F×L-O 40 39 41 17 12 20 8 10 12 
F×L-P 42 41 43 18 13 23 11 7 7 
F×L-Q 43 42 44 17 12 22 10 10 12 
F×L-R 44 45 47 13 16 28 14 12 10 
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Table 3.4., cont. 
  
 F×L-K F×L-L F×L-M F×L-N F×L-O F×L-P F×L-Q F×L-R 
SIEB 0.741 0.672 0.707 0.741 0.638 0.672 0.690 0.707 
INSIG 0.707 0.638 0.638 0.707 0.569 0.603 0.621 0.672 
INSIG1 0.690 0.655 0.655 0.690 0.586 0.621 0.638 0.690 
INSIG2 0.724 0.655 0.655 0.724 0.586 0.621 0.638 0.690 
INSIG3 0.707 0.638 0.638 0.707 0.569 0.603 0.621 0.672 
INSIG4 0.690 0.621 0.621 0.69 0.552 0.586 0.603 0.655 
S×I-A 0.862 0.793 0.793 0.862 0.724 0.759 0.776 0.828 
S×I-B 0.845 0.776 0.776 0.844 0.707 0.741 0.759 0.810 
S×I-C 0.793 0.724 0.724 0.793 0.655 0.690 0.707 0.759 
S×I-D 0.828 0.759 0.759 0.828 0.690 0.724 0.741 0.793 
S×I-E 0.845 0.776 0.776 0.845 0.707 0.741 0.759 0.810 
S×I-F 0.828 0.759 0.759 0.828 0.690 0.724 0.741 0.793 
S×I-G 0.810 0.741 0.741 0.810 0.672 0.707 0.724 0.776 
S×I-H 0.810 0.741 0.776 0.810 0.707 0.741 0.759 0.776 
S×I-I 0.828 0.759 0.759 0.828 0.690 0.724 0.741 0.793 
S×I-J 0.828 0.759 0.828 0.828 0.690 0.724 0.741 0.793 
S×I-K 0.793 0.724 0.759 0.793 0.690 0.724 0.741 0.759 
S×I-L 0.810 0.741 0.776 0.810 0.707 0.741 0.759 0.776 
S×I-M 0.793 0.724 0.759 0.793 0.690 0.724 0.741 0.759 
S×I-N 0.810 0.741 0.741 0.810 0.672 0.707 0.724 0.776 
S×I-O 0.845 0.776 0.776 0.844 0.770 0.741 0.759 0.810 
FOV 0.203 0.257 0.257 0.243 0.230 0.243 0.229 0.176 
LAEV 0.189 0.135 0.162 0.149 0.162 0.176 0.162 0.216 
LAEV2 0.324 0.324 0.324 0.311 0.270 0.311 0.297 0.378 
F×L-C 0.108 0.189 0.108 0.122 0.108 0.149 0.135 0.189 
F×L-F 0.081 0.108 0.135 0.095 0.135 0.095 0.135 0.163 
F×L-H 0.162 0.081 0.135 0.122 0.162 0.095 0.162 0.135 
F×L-K - 0.135 0.081 0.068 0.108 0.121 0.108 0.108 
F×L-L 10 - 0.135 0.095 0.108 0.121 0.162 0.135 
F×L-M 6 10 - 0.122 0.081 0.068 0.081 0.108 
F×L-N 5 7 9 - 0.149 0.135 0.149 0.122 
F×L-O 8 8 6 11 - 0.121 0.108 0.162 
F×L-P 9 9 5 10 9 - 0.121 0.122 
F×L-Q 8 12 6 11 8 9 - 0.081 
F×L-R 8 10 8 9 12 9 6 - 
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The dendrogram constructed with the neighbor-joining method identified 2 
groups. Group I consisted of the parents of the intersectional cross M. sieboldii 
‘Colossus’ (SIEB) × M. insignis ‘Anita Figlar’ (INSIG), their 15 hybrid offspring (S×I-A. 
S×I-B, etc.), 4 M. insignis comparators (INSIG1-4). Group II included the parents of the 
intrasectional cross M. foveolata ‘Shibamichi’(FOV) × M. laevifolia ‘Gail’s Favorite’ 
(LAEV), their intrasectional hybrid accessions (F×L-C, F×L-H, etc.), and a M. laevifolia 
comparator (LAEV2). The hybrids could be distinguished by their clustered placement 
between their respective parents. The similarity between the M. insignis accessions is 
illustrated by their close arrangement, and the difference between the M. laevifolia 
accessions is illustrated by the comparator’s placement (LAEV2) on a separate branch 
from the pollen parent and the hybrids. Branch lengths in the intrasectional hybrid group 
indicate greater genetic distance among the hybrids and between the hybrids and their 
parents than in the intersectional hybrid. (Fig. 3.3). 
The ANOVA revealed means of genetic distances from Table 3.4 were 
significantly different for most taxa to taxa categories. The most notable exception, as 
illustrated in the dendrogram, was the mean distance (0.356) between the accessions of 
the intersectional species M. sieboldii and M. insignis was not significantly different than 
the mean distance (0.392) between the accessions of the intrasectional species M. 
foveolata and M. laevifolia. In other intrasectional taxa to intersectional taxa 
comparisons, the intrasectional distance is always larger and significantly different the 
intersectional distance. Intersubgeneric distances are significantly different and increase 
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across the following categories; species to species (0.597), hybrids to species (0.679), and 
hybrids to hybrids (0.763) as detailed in Table 3.5 and illustrated in Figure 3.4. 
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Fig. 3.3. Dendrogram (Neighbor-Joining Method, PAUP* 4.0) depicting parents M. 
foveolata ‘Shibamichi’(FOV), M. laevifolia ‘Gail’s Favorite’ (LAEV), their hybrid 
accessions (F×L-C, F×L-H, etc.), a M. laevifolia comparator (LAEV2), and parents M. 
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sieboldii ‘Colossus’(SIEB), M. insignis ‘Anita Figlar’(INSIG), their hybrid accessions 
(S×I-A, S×I-B, etc.), with 4 M. insignis comparators (INSIG1-4).  
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Table 3.7 Relative genetic distance and means separation for the combined phylogenetic 
analysis of the intrasectional cross M. foveolata ‘Shibamichi’× M. laevifolia ‘Gail’s 
Favorite’, their hybrid accessions, a M. laevifolia comparator;  and the intersectional 
cross M. sieboldii ‘Colossus’ × M. insignis ‘Anita Figlar’, their hybrid accessions and 4 
M. insignis comparators. Distances are categorized by taxa to taxa relstionship. Data was 
analyzed with one-way analysis of variance (ANOVA) and the Student’s t test, α=0.05. 
Means followed by the same letter are not significantly different. 
Taxa to Taxa Relationship Genetic Distance 
Hyb-Hyb Intersub 
Distance between the accessions of Intersectional Hybrids of M. sieboldii and M. insignis 
(Subgenus Magnolia) and the accessions of Intrasectional Hybrids of M. foveolata and M. 
laevifolia (Subgenus Yulania) 
0.763± 0.003A 
Hyb-Spec Intersub 
Distance between the accessions of Intersectional Hybrids of M. sieboldii and M. insignis 
(Subgenus Magnolia) and the species used in the other cross (Subgenus Yulania); and 
Distance between the accessions of Intrasectional Hybrids of M. foveolata and M. laevifolia 
(Subgenus Yulania) and the species used in the other cross (Subgenus Magnolia) 
0.679± 0.005B 
Spec-Spec Intersub 
Distance between the accessions of species between subgenera 
0.597± 0.009C 
Spec-Spec Intrasec 
Distance between the accessions of species within sections 
0.392± 0.000D 
Spec-Spec Intersec 
Distance between the accessions of species between sections 
0.362± 0.008D 
LAEV Intraspec 
Distance between the accessions of M. laevifolia 
0.243EF 
Hyb-Spec Intrasec 
Distance between the accessions of Intrasectional Hybrids of M. foveolata and M. laevifolia 
and their parental species 
0.242± 0.013E 
Hyb-Spec Intersec 
Distance between the accessions of Intersectional Hybrids of M. sieboldii and M. insignis 
and their parental species 
0.186± 0.003F 
Hyb-Hyb Intrasec 
Distance between the accessions of Intrasectional Hybrids of M. foveolata and M. laevifolia 
and their parental species 
0.133± 0.006G 
Hyb-Hyb Intersec 
Distance between the accessions of Intersectional Hybrids of M. sieboldii and M. insignis   
0.083± 0.003H 
INSIG Intraspec 
Distance between the accessions of M. insignis   
0.038± 0.006I 
 
 
 125 
 
Figure 3.4. Means comparisons taxa to taxa genetic distances. Mean diamonds have 
horizontal lines at treatment mean, with top and bottom of populations showing 95% 
confidence. 
 
Discussion 
ISSR Markers allowed for three different assessments of genetic diversity to be 
made in this study; polymorphic band percentage, shared band vs. species-specific band 
percentage, and genetic distance. As data for shared bands and polymorphism percentage 
are considered for each hybrid independently the intersectional hybrid appeared to have 
greater potential diversity. The parents of the intersectional hybrids had fewer shared 
bands (27.8%), implying more dissimilarity between parental species compared to 
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parents of the intrasectional hybrid (43.1% shared bands). Polymorphism percentages 
were also higher (41.6%) in the intersectional hybrid than in the intrasectional hybrid 
(35.7%). However, when the binary matrix data for both crosses were analyzed together 
for statistical significance, relative genetic distances clarified their relationship and 
revealed no significant difference in the distances between species in each category.  A 
greater genetic distance was anticipated between M. sieboldii and M. insignis since they 
are in different sections, but these results suggest greater genetic distance may occur 
across Section Michelia than across the portion of Sections Rhytidospermum and 
Manglietia. Dendrograms developed by Nei, et. al, (2008) support this result. Sections 
Rhytidospermum and Manglietia are basal in comparison to Section Michelia which has 
undergone more recent and complex divergence. 
The newly developed hybrid populations have greater genetic distance from one 
another than all other category distances, demonstrating how species at diverging ends of 
Magnolia may continually increase genetic diversity as hybridization opportunities arise. 
Therefore these hybridizations provide results that reveal a snapshot of ongoing divergent 
evolution. These results also indicate that as woody, long-lived, basal angiosperms, 
magnolia species demonstrate a preserved evolutionary record with their readiness to 
hybridize. While the intersectional cross represents no greater genetic distance than the 
intrasectional cross, reduced fitness and limited reproductive compatibility have been 
observed. 
With greater genetic distance revealed among the new intrasectional hybrid 
progeny, evidence of more recent evolutionary divergence, and excellent reproductive 
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compatibility breeding efforts in Section Michelia are most promising. ISSR markers 
were vital to this assessment because a cursory evaluation of morphology does not 
elucidate the molecular variation. The dendrograms validate the hybrids are distinct from 
either parent. Polymorphism percentages found in each cross were comparable to the 
mean percentages reported in species across a series of variables applicable to magnolia 
including: dicots 31.3%, animal pollinated 38.8%, animal ingested seed dispersal 33.0%, 
mesic habitat 36.0%, cultivation status 39.0%, and chromosome number 35.5% 
(Hamrick, et al., 1979). From these percentages we can infer adequate genetic diversity is 
retained in the hybrid genome with potential for the hybrids to undergo adaptive radiation 
and speciation given an appropriate initial habitat for population expansion if no pre-
zygotic or post-zygotic boundaries exist. The variation seen in each cross supported the 
assertion of Hamrick, et al. (1979) that long-lived plant populations containing 
individuals of multiple generations preserve an evolutionary record.  
From an ornamental standpoint each hybrid represents a valuable new genetic 
combination with cultivar introductions possible from each F1 progeny. As offspring 
populations mature, any variations in phenotypic traits that surface may correlate to 
species-specific bands that can serve as markers within each of these progeny, be used for 
cultivar determination, and ongoing marker assisted breeding. As breeding advances 
continue with new magnolia hybrids, observation and analysis of morphological and 
molecular markers will facilitate a better understanding of shared origins and potential 
speciation.  
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CHAPTER FOUR 
CULTIVAR INTRODUCTION: ‘KEITH PARRIS’ MAGNOLIA  
 
Additional Index Words. Magnolia foveolata ‘Shibamichi’, Magnolia laevifolia ‘Gail’s 
Favorite’, interspecific hybrid, ornamental tree 
 
Parental Taxa Descriptions 
Magnolia foveolata (Merr. Ex Dandy) Figlar ‘Shibamichi’ is a diploid 
(2n=2x=38) cultivar (Parris et al, 2010) derived from the evergreen species native to 
Southern China and Vietnam (Figlar and Noteboom, 2004). Specimens of this cultivar 
exhibit a strongly pyramidal growth habit with excellent vigor and hardiness in USDA 
Zones 7-9. Foliage is elliptical-ovate with an acuminate apex, subcordate to rounded 
base, and approximates 25 cm in length. Brown indumentum is present on the abaxial 
leaf surface while coppery indumentum is present on the adaxail leaf surface. The density 
and color of indumentum is a variable trait in this species, with specimens of M. 
foveolata var. cinerascens having a grey abaxial surface. Mean stipular scar length to 
overall petiole length (a reliable morphological marker for this species) was 3.5% 
Flowers are creamy white, with 4-6 cm tepals. The stipitate gynoecium is supported by a 
2 cm gynophore. Magnolia foveolata ‘Shibamichi’ possesses highly desirable ornamental 
traits, but recalcitrant rooting has limited production and distribution. An additional 
drawback to landscape use is the large internode length and loosely conical habit that 
may be too open in appearance for the typical consumer of landscape plants. 
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Magnolia laevifolia (Law & Y.F.Wu) Noot. ‘Gail’s Favorite’ is a cultivar 
selection of the diploid species (2n=2x=38) (Parris et al, 2010), native to the Yunnan 
Province of China. It is a spreading, multi-stem shrub reaching 2 meters in 6 years. 
Foliage, approximately 5.5 cm × 2.5 cm, is obovate-elliptical with an obtuse apex and 
cuneate base, and dark brown abaxial indumentum. Mean stipular scar length to petiole 
length ratio was measured in this cultivar as 71.9%. Flowers (March-April in USDA 
Zone 7b) are white, with 2.5-3.0 cm tepals and a stipitate gynoecium supported by a 1 cm 
gynophore. Commercial availability of Magnolia laevifolia cultivars in the United States 
and Europe indicate favorable propagation success. Cuttings of various cultivars have 
been rooted with 60-80% success at Spartanburg Community College when cuttings were 
taken in either August or February, treated with 5000 ppm Indole-3-Butyric Acid 
Potassium Salt, and placed under intermittent mist for 8-10 weeks.  
Each of these species are included in Section Michelia of Magnoliaceae. (Figlar and 
Noteboom, 2004). Both are hardy in USDA Zone 7 and have promise for widespread 
cultivation (Figlar, 2011). Magnolia laevifolia has exhibited reproductive compatibility 
with other species in this section, including hybrids with M. figo as observed in the 
Magnolian Grove Arboretum, Six Mile, SC, and with M. maudiae with plants provided 
by Bill Smith of Richmond, VA. Given the intrasectional compatibility demonstrated by 
these crosses, M. foveolata and M. laevifolia were crossed in an effort to produce hybrid 
offspring displaying phenotypic traits intermediate to the parents.  
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Origin 
In 2010, several crosses were completed via hand-pollination; these crosses yielded 
75 viable seeds and eventually resulted in the M. × ‘Keith Parris’ selection. Pollen was 
collected from Magnolia laevifolia ‘Gail’s Favorite’ at the North Carolina State 
University Mountain Crop Improvement Lab and applied to flowers in the early stages of 
tepal displacement on a solitary specimen of M. foveolata ‘Shibamichi’ at the Magnolian 
Grove Arboretum in Six Mile, SC in April 2010. Fruit was harvested at the first sign of 
follicle dehiscence in September 2010 (Fig. 4.1).  
 
Figure 4.1. Ripe follicetum on Magnolia foveolata ‘Shibamichi’ (seed parent) resulting 
from hyridization with Magnolia laevifolia ‘Gail’s Favorite’ (pollen parent), September 
2010. 
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Seed was manually removed from the fruit and placed in water for a float test. One-
hundred percent of the seed sank and were assumed viable. After 24 hours the sarcotesta 
(seed covering) was manually rubbed from the seed, allowing for complete separation 
after a series of rinses. Following removal of the sarcotesta, seed was soaked in a 10% 
bleach solution for 1 minute, triple rinsed, and allowed to air dry on a paper towel for 
approximately 30 minutes. Seed was counted into lots of 15 and placed in 5.08×7.62 cm 
re-sealable plastic bags filled with slightly moist, finely milled sphagnum peat moss. 
Bags were placed in refrigeration for 5 months at 4 °C and inspected monthly for signs of 
fungal contamination.  
Following 5 months of cool, moist stratification at 4 °C, seedlings were pre-
germinated in the resealable plastic bags at temperatures ranging from 20-30 °C. After 
radicle emergence, seedlings were transplanted to 2.8 L containers with 15 seedlings per 
container in a polyethylene greenhouse at Spartanburg Community College (SCC), 
Spartanburg, SC. Media consisted of milled pine bark and perlite (2:1, v/v), amended 
with lime (3.6 kg∙1.3 m-3) mol∙m-2∙d-1 and micronutrients (Micromax®∙1 kg∙m-3, Grace-
Sierra, Milpitas, California). One week after transplanting, the seedlings were watered 
with 4N–5.2P–3.3K liquid fertilizer injected at 1:100 and top-dressed with 14.3 g of 
Biotone® Starter Plus 4N–1.3P–2.5K organic fertilizer with mycorrhizae (Espoma Co., 
Millville, NJ). Containers were placed on raised benches in a greenhouse. Air 
temperature in the greenhouse ranged from 13-32 °C and soil temperatures ranged from 
20-27 °C. After emergence of 4-5 leaves in June 2011, the plants were individually 
 
 137 
potted in 2.8 L containers and top-dressed with 14.3 g Osmocote® 18N–2.6P–9.9K (ICL 
Specialty Fertilizers, Dublin, OH). Plants were overwintered in a cold frame and 
transplanted to trial beds and various locations on the SCC Central Campus in the spring 
of 2012. 
An accession designated Sibling H bloomed 17 months post-germination in 
August 2012 and was the most precocious individual of the F1 progeny. After conducting 
asexual propagation and field evaluations for 5 years, the decision was made to name this 
clone because of the abundance of flowers from March-early May and remontant flowers 
from July through September. 
 
Cultivar Description 
Magnolia × ‘Keith Parris’ is a broadleaved evergreen tree with a broad conical habit. The 
progenitor specimen growing at SCC has thrived with no supplemental irrigation since 
the first growing season and reached a height of 4.8 m and spread of 2.4 m 5.5 years after 
planting (Fig. 4.2).  
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Figure 4.2. Progenitor specimen of Magnolia × ‘Keith Parris’ in Spartanburg, SC (April 
2016). 
 
The foliage is intermediate in length and width to the parental taxa (Fig. 4.3), 
being oblong with an acuminate apex, acute to rounded base, and variable in size (12-18 
cm × 4-6 cm). Most foliar morphometrics differ from the parents, these include lamina 
length, lamina width, lamina index (length × width), petiole length, and stipular scar 
length to petiole length percentage (Table 4.1).  
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M. foveolata ‘Shibamichi’ 
 
 
Figure 4.3. Comparison of leaves between Magnolia foveolata ‘Shibamichi’ (left), M. 
laevifolia ‘Gail’s Favorite’ (right), and hybrid M. × ‘Keith Parris’ (center). 
  
 
 
M. foveolata ‘Shibamichi’ 
M. laevifolia 
‘Gail’s 
Favorite’ 
M. × ‘Keith Parris’ 
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Table 4.1. Foliage morphometrics for M. foveolata ‘Shibamichi’, M. laevifolia ‘Gail’s 
Favorite’ and 11 hybrid offspring. Data was analyzed with one-way analysis of variance 
(ANOVA) and means separated using the Student’s t test, α=0.05. Sibling H is Magnolia 
× ‘Keith Parris’. 
 
Taxa Lamina 
Length 
(mm) 
Lamina 
Width 
(mm) 
Lamina 
Length/ 
Width 
Ratio 
Lamina 
Index 
(mm2) 
Petiole 
Length 
(mm) 
Stipular 
Scar 
Length 
(mm) 
Stipular 
Scar 
Length/ 
Petiole 
Length % 
Seed Parent:  
M. foveolata 
‘Shibamichi
’ 
213 ± 
9.2 A 
93.8 ± 
3.5 A 
2.27 ± 
0.05 DEF 
20245 ± 
158 A 
33.7 ± 
1.3 A 
1.2 ± 
0.2 F 
3.45 ± 
0.67 G 
Pollen 
Parent:  
M. 
laevifolia 
‘Gail’s 
Favorite’ 
61.6 ± 
2.6 D 
29.7 ± 
1.3 F 
2.08 ± 
0.02 EF 
1860 ± 
144 E 
6.8 ± 0.2 
F 
4.9 ± 
0.2 A 
71.9 ± 
1.60 A 
Sibling C 115 ± 
4.5 C 
55.8 ± 
3.4 BCD 
2.09 ± 
0.09 EF 
6479 ± 
563 BCD 
13.5 ± 
1.6 BC 
3.3 ± 
0.6 BCD 
23.9 ± 
1.59 DEF 
Sibling F 123 ± 13 
C 
50.0 ± 
2.2 BCD 
2.48 ± 
0.28 BCD 
6171 ± 
727 CD 
9.5 ± 0.6 
EF 
4.3 ± 
0.3 AB 
45.5 ± 
1.62 B 
Sibling H 124 ± 
8.3 BC 
64.5 ± 
3.4 B 
1.98 ± 
0.24 F 
7885 ± 
391 BC 
14.5 ± 
1.6 B 
4.3 ± 
0.6 AB 
29.8 ± 
2.04 C  
Sibling K 138 ± 
4.5 ABC 
51.5 ± 
1.3 D 
2.69 ± 
0.13 BC 
7092 ± 
275 BCD 
13.3 ± 
0.8 BC 
2.7 ± 
0.3 DE 
19.7 ± 
1.40 F 
Sibling L 121 ± 
5.6 C 
39.3 ± 
1.4 E 
3.10 ± 
0.15 A 
4782 ± 
304 D 
12.5 ± 
1.0 BCDE 
2.8 ± 
0.3 CDE 
22.8 ± 
1.12 EF 
Sibling M 136 ± 
4.0 BC 
49.0 ± 
1.3 D 
2.78 ± 
0.11 AB 
6660 ± 
279 BCD 
12.8 ± 
0.5 BCD 
3.3 ± 
0.4 BCD 
25.8 ± 
2.80 CDE 
Sibling N 122 ± 
6.6 C 
51.2 ± 
1.4 D 
2.38 ± 
0.10 CDE 
6282 ± 
467 CD 
10.0 ± 
1.1 DE 
2.9 ± 
0.4 CDE 
28.7 ± 
1.98 CD 
Sibling O 150 ± 
5.9 B 
54.7 ± 
1.8 CD 
2.76 ± 
0.15 ABC 
8183 ± 
427 BC 
14.5 ± 
0.8 CDE 
3.8 ± 
0.3 BC 
26.7 ± 
2.30 CDE 
Sibling P 127 ± 17 
BC 
50.3 ± 
6.2 D 
2.50 ± 
0.12 BCD 
6890 ± 
1416 BCD 
9.5 ± 1.3 
EF 
2.5 ± 
0.3 DE 
26.2 ± 
0.84 CDE 
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Sibling Q 126 ± 16 
BC 
49.5 ± 
5.9 D 
2.54 ± 
0.07 BCD 
6666 ± 
1217 BCD 
10.7 ± 
1.5 CDE 
2.0 ± 
0.2 EF 
19.6 ± 
1.60 F 
Sibling R 140 ± 
5.9 BC 
63.7 ± 
2.3 BC 
2.20 ± 
0.03 DEF 
8986 ± 
676 B 
11.4 ± 
0.8 BCDE 
2.7 ± 
0.3DE 
23.9 ± 
3.35 DEF 
 
Indumentum color and density, while fading as the leaves become weathered 
through the growing season, tends to capture the best of each parent, with the adaxial 
surface being particularly striking on new foliage (Fig. 4.4). 
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Figure 4.4. Coppery adaxial indumentum on new foliage of Magnolia × ‘Keith Parris’ in 
Spartanburg, SC (June 2018). 
White tepals (RHS 155D) are 5-6 cm long and 2-2.5 cm wide. Stamens are 
reddish-purple (RHS 67A), along 1/3 of their length at the proximal end, similar to the 
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color of the entire stamens of the seed parent, M. foveolata ‘Shibamichi’. The flowers 
have a pleasing fragrance and are positioned in a semi-pendant manner along the 
branches at each node, resembling eggs lined in a carton (Fig. 4.5) 
 
Figure 4.5. Flower-laden limbs of Magnolia × ‘Keith Parris’ in Spartanburg, SC (April 
2016). 
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As a new interspecific hybrid, the closest comparators are the siblings from the 
initial cross. In 2015, inter-simple sequence repeat markers revealed molecular 
differences were between parents, siblings, and male comparators. Identical banding 
patterns were demonstrated in plants produced from rooted cuttings of two accessions 
and their clonal parent, including Sibling H, Magnolia × ‘Keith Parris’ (Fig. 4.6). 
Species-specific bands can enable differentiation of cultivars in this new hybrid. 
 
 
Figure 4.6. Gel electrophoresis illustrating parents, M. laevifolia comparators, and 11 
offspring of Magnolia foveolata ‘Shibamichi’ × Magnolia laevifolia ‘Gail’s Favorite 
using the University of British Columbia inter-simple sequence repeat primer 815. 
Sibling H is Magnolia × ‘Keith Parris’. 
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Cultural Notes 
Terminal 3-5 node semi-hardwood stem cuttings were rooted under intermittent mist on a 
propagation bench in a polyethylene-covered greenhouse in August and February. 
Typical settings for August harvested cuttings were 10 s every 4 min on sunny days for 
the initial 4 weeks, and weaned gradually to 10 s every 30 min over a 12 week period. 
Mist was manually adjusted to reduce frequency and duration on cloudy days.  Typical 
settings for February harvested cuttings were 10 s every 10 min on sunny days for initial 
4 weeks, and weaned gradually to 10 s every 30 min over a 12 week period. The 
February cuttings received bottom heat (20 °C mininum). Cuttings were wounded by 
tearing away the leaf and bud of the lowest node and treated with their basal end dipped 
in 5000 mg·L−1 KIBA (potassium salt indole-3-butyric acid) solution for 20 s. Cuttings 
were rooted in a soilless substrate composed of milled pine bark and perlite (1:1, v/v), 
amended with dolomitic lime (3.6 kg∙1.3 m-3) mol∙m-2∙d-1, and micronutrients 
(Micromax®∙1 kg∙m-3, Grace-Sierra, Milpitas, California). Cuttings producing roots or 
heavy callus were removed from mist and placed on a daily watering regimen after 8-12 
weeks. Cuttings rooted better in August (77.7%) than February (61.1 %) and were 
transplanted into 2.8 to 11.3 L containers with milled pine bark, dolomitic limestone, 
micronutrients, and controlled release fertilizers. Plants in container culture thrived in 
white polyethylene cold frames during winter from 2014 through 2018 and survived with 
minimal foliage damage unprotected on nursery pads with overhead irrigation in 11.3 and 
26.5 L containers. Because flower buds are produced at almost every node it is difficult 
to obtain cuttings with only vegetative buds. Removal of flower buds and flower bud 
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suppression on young plants can facilitate vegetative vigor in early production. M. × 
‘Keith Parris’ propagules exhibit precocity with first blooms occurring 2-3 months after 
rooting and initiation of new growth. No winter foliage or shoot injury occurred after 
exposure to temperatures as low as -14 °C and more than 140 consecutive hours below 0 
°C in Spartanburg, SC (USDA plant hardiness zone 7b; USDA, 2012).  
Magnolia × ‘Keith Parris’ has potential landscape use as a solitary accent 
specimen, in small groupings, or as a privacy screen or windbreak. It has demonstrated 
low self-fertility via open pollination, but has successfully outcrossed with M. figo var. 
crassipes via controlled pollination. Offspring of this complex cross are under evaluation. 
Availability 
 Distribution of Magnolia × ‘Keith Parris’ has been limited to select public and 
private gardens around the United States. Interested growers may contact the 
corresponding author for availability of propagation stock. 
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CHAPTER FIVE 
CONCLUSION 
 
Review of Objectives and Results 
In this work the following objectives were accomplished: 
Crosses were performed that led to novel hybridization 
Inspired by a long history of individuals with successful breeding outcomes and 
motivated by scientific inquiry, over 30 new combinations of interspecific hybridizations 
were achieved. These combinations provided the novelty and diversity needed to create 
investigation opportunities as called for in Abbott et al. (2013) and Soltis (2013). The 
crosses prescribed allowed for observations about species compatibilities, trait 
inheritance, and determination of genetic distance between and within the parental 
species and hybrid progeny. While intrasectional crosses provided more individuals for 
observation and analyses, intersectional crosses also generated offspring for comparative 
analyses. Intersubgeneric crosses M. sieboldii × M. lotungensis, M. virginiana × M. 
lotungensis, and M. grandiflora × M. lotungensis were successful, though resulting in 
minimal numbers of offspring. The success of these intersubgeneric crosses challenges 
the subgenera designations Magnolia (Figlar and Noteboom, 2004), summarized in Table 
5.1. 
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Table 5.1. Summary of Magnolia Classification (Figlar and Noteboom, 2004), noting 3 
subgenera, 12 sections, and several example species per section. 
Classification 
Subgenus Magnolia 
  Section Magnolia  
    M. grandiflora, M. virginiana, M. tamaulipana, M. sharpii 
  Section Gwillimia  
    M. delavayii, M. coco, M. hodgsonii, M. liliifera 
  Section Rhytidospermum  
    M. tripetala, M. obovata, M. officinalis, M. sieboldii  
  Section Manglietia  
    M. insignis, M. yuyuanensis, M. changhungtana, M. kwangtungensis 
  Section Macrophylla  
    M. macrophylla, M. macrophylla var. ashei, M. macrophylla var. dealbata 
  Section Auriculata  
    M. fraseri , M. fraseri var. pyramidata 
  Section Kmeria  
    M. thailandica, M. kwangsiensis, M. duperreana 
  Section Taulauma 
    M. jardinensis, M. katiorum, M. silvioi, M. yarumalensis 
Subgenus Yulania 
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  Section Yulania  
   M. acuminata, M. stellata, M. liliiflora, M. denudata 
  Section Michelia  
    M. figo, M. foveolata, M. laevifolia, M. maudiae 
Subgenus Gynopodium 
  Section Gynopodium  
    M. lotungensis,, M. nitida, M. kachirachirai, M. yunnanensis 
  Section Manglietiastrum  
    M. sinica, M. praecalva 
 
 
Inheritance of morphological traits is better understood 
In multiple crosses, introgression of pink to red flower color in Subgenus Magnolia 
was confirmed with repetitions of M. sieboldii × M. insignis, and M. ‘Silk Road’ × M. 
insignis first performed by Dennis Ledvina, and M. yuyuanensis × M. insignis first 
performed by Bill Smith. The new hybrid M. changhungtana × M. insignis further 
validates the reliability of paternal inheritance of tepal color from M. insignis. In each of 
these hybrid progenies, anthocyanins are distributed in each tepal, rather than the 
alternating pattern of red and white tepals observed in M. insignis. This could be 
explained by findings of Cooley and Willis (2009) with Mimulus where patterns of 
pigmentation are controlled by a single locus. Conversely, the only flowering accession 
of M. insignis × M. fraseri, suggests tepal color is not as intense when maternally 
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inherited, but larger population size could reveal a quantitative response as seen in other 
hybrids.    
Crosses performed in Subgenus Yulania, Section Michelia demonstrated reliable 
introgression of color among this group of species via the purple flowered M. figo var. 
crassipes. Combinations of M. figo var. crassipes with M. laevifolia, and complex crosses 
with M. laevifolia × M. maudiae, M. laevifolia × M. champaca, and M. foveolata × 
laevifolia all resulted in offspring with an infusion of pink or purple pigment. Even 
within a tetraploid cross with M. acuminata var. subcordata introgression of color was 
observed in the stamens of the hybrid. 
Early observations of a cross between M. figo var. crassipes and M. foveolata showed 
delayed bloom and improved cold tolerance. Precocious flowering of hybrids, sometimes 
within 2 years of germination was observed in hybrids developed in Subgenus Magnolia 
as influenced by the precocity of M. grandiflora ‘Kay Parris’ and M. sieboldii ‘Colossus’ 
and in Subgenus Yulania by M. laevifolia.  
In crosses between evergreen and deciduous species, foliage retention characteristics 
tend to favor the deciduous parent unless the evergreen parent has a higher ploidy level. 
The interploid cross M. acuminata var. subcordata (tetraploid) × M. figo var. crassipes 
(diploid) resulted in a deciduous hybrid. In intraploid crosses of diploid species, M. 
sieboldii × M. insignis, M. ‘Silk Road’ × M. insignis, and M. macrophylla var. ashei × M. 
insignis, all observed offspring have been tardily deciduous. With interploid crosses M. 
sieboldii (diploid) × M. grandiflora (hexaploid), M. virginiana (Texas/ Lousiana Form, 
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diploid) × M. grandiflora (hexaploid), and M. sieboldii × M. lotungensis (hexaploid) the 
offspring are evergreen. 
 
Phenotypic variation in comparative hybrid progenies was analyzed. 
Based on cursory observations and general descriptions of cultivars in the literature, 
the hypothesis driving this research was that the overall phenotypes and individual traits 
of hybrids were intermediate to the parent species. However, when analyses of individual 
foliar traits were conducted, the morphometric of hybrid progeny were not always 
intermediate to the parent species. In intrasectional hybridization phenotypic variation 
was easily recognized and intermediacy was seen in six of the seven foliage 
morphometrics with the gradient of intermediacy occasionally inclined toward parental 
means. For most of the foliage morphometric traits evaluated it is accurate to say 
intermediacy can be an indicator of hybridity. In the intersectional hybridization 
phenotypic variation among the siblings was more difficult to discern. Only after detailed 
analysis of foliar morphometrics were differences among the progeny realized. 
Transgressive phenotypes were revealed in six of the seven foliage morphometrics 
evaluated, indicating negative heterosis was present in most of the measured traits.  
 
Molecular variation in comparative hybrid progenies was analyzed. 
Based upon initial observations of phenotypic variation in the hybrids, we assumed 
that more genetic variation existed in the intrasectional hybrid. However, analyses with 
inter-simple-sequence-repeat (ISSR) markers reveal a similar polymorphism percentage 
 
 153 
in the intersectional hybrid. In the intersectional hybrids the percentage of polymorphic 
bands was 67.3% in both generations and 41.6% among the offspring. The percentage of 
polymorphic bands in the intrasectional hybrid was 60.5% in both generations and 35.7% 
among the offspring. By identifying species-specific bands and determining genetic 
distance with pairwise comparisons, we further demonstrated the relatedness of the parent 
species in each cross. The Neighbor Joining dendrogram confirmed the hybrid nature of 
the progenies and each parental/hybrid group was distinct from one another.  The greatest 
genetic distance (0.763) was between the two hybrid progenies. Given the hybrids 
represented new interspecific combinations from taxa that were already significantly 
disparate, these hybridizations provided a snapshot of divergent evolution in the 
Magnolia genome. 
 
Conclusions and Future work 
Novel Hybridization and Taxonomy.  
While the successful hybridizations documented in this work only provide a 
glimpse into the possibilities that exist with hybridization of Magnolia, they do provide 
results that largely support the current taxonomic arrangement of Figlar and Noteboom 
(2004). Recent interspecific hybridizations indicate limitations of reproductive 
compatibility are mainly restricted by the divide between Subgenera Magnolia and 
Yulania. Nooteboom and Figlar (2004) cited open leaf vernation and proleptic branch 
initiation as characteristics to group species within the Subgenus Gynopodium, These 
traits were not shared with any other species in Subgenus Magnolia, but successful 
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hybridization of M. lotungensis with M. virginiana, M. grandiflora, and M. sieboldii 
support the affinity of Subgenus Gynopodium to Subgenus Magnolia as indicated by 
molecular phylogenies (Kim et al., 2001, Nei et al., 2008)). Reproductive compatibility 
coupled with characterization of genetic distance using molecular tools should supersede 
the use of morphological characteristics to define a subgenus. Gynopodium should be 
returned to sectional rank under Subgenus Magnolia. This would reduce Section 
Manglietiastrum to a subsection under Section Gynopodium. Alternately, erasing the rank 
of subgenus altogether and having a system with 11 sections under 1 genus may generate 
consensus among taxonomists (Fig 5.1). While erasing the perceived subgeneric barrier 
on paper does not change a plant’s genetic makeup, it could change the mindset of future 
breeders. The less disparate novel crosses were of cumulative importance because they 
generally demonstrate ease of hybridization. As more species enter cultivation, every 
perceived barrier should be tested. Much could be learned from hybridization attempts 
with species in Section Talauma, as these species are likely compatible with other 
Subgenus Magnolia taxa. 
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Figure 5.1. Summary Magnoliaceae dendrogram illustrating 2 proposed changes to 
subgenera designations. 
 
 
 156 
Inheritance of Traits and ongoing breeding initiatives. 
Greater clarification now exists about color introgression in Magnolia. Most 
hybrids bred with endpoint in mind have remained viable for backcrosses, F2 
populations, and incorporation of other species into complex hybrids. While some 
breeding initiatives have moved forward within a decade, others have required more 
patience to work through. To generate a pink flowered magnolia resembling M. 
grandiflora, a mix of conventional breeding involving M. insignis, M. grandiflora, and 
other species coupled with in vitro establishment as a platform for polyploid induction 
will possibly be required 
Crossing Scenario A 
Parental M. insignis ‘Piroche Red Form’-diploid × M. grandiflora ‘Kay Parris’ –
hexaploid 
F1 M. (insignis × grandiflora) allotetraploids likely expressing little tepal 
coloration 
F2 Recombinants potentially express M. grandiflora foliage and improved tepal 
coloration. With tetraploids retaining fertility, selection for pigment 
intensification from bi-parental influence can continue with controlled crosses 
as demonstrated by Li et al. (2009) in strawberries.   
 
Crossing Scenario B 
Parental M. insignis ‘Piroche Red Form’-diploid × M. grandiflora ‘Kay Parris’ -
hexaploid 
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F1 M. (insignis × grandiflora) allotetraploids  
BC 1 M. (insignis × grandiflora) allotetraploid selection × M. insignis ‘Piroche Red 
Form’-diploid 
BC 2 Triploid Offspring have potential to express M. grandiflora foliage and M. 
insignis tepal coloration. Drawback is that fertility is very likely lost in this 
generation, but a superior selection can be made and clonally propagated 
 
Crossing Scenario C 
Parental A M. insignis ‘Piroche Red Form’-diploid × M. grandiflora ‘Kay Parris’ -
hexaploid 
Parental B M. insignis ‘Piroche Red Form’ chromosome count doubled with Oryzalin 
after increase of explants in tissue culture. 
F1-A  M. (insignis × grandiflora) allotetraploids  
“F1”-B  M. insignis ‘Piroche Red Form’ induced autotetraploids. 
F2 Hybrid Tetraploid offspring with equal contribution of chromosomes from 
each species, resulting in greater potential for introgression of flower color 
into a plant that resembles M. grandiflora. Hopefully fertility is maintained 
in these tetraploids for advancement to the next generation via full-sib 
crosses or crosses with other selections.  
 
Crossing Scenario D 
Parent A (M. grandiflora × M. virginiana) - allotetraploid  
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Parent B M. insignis ‘Piroche Red Form’ chromosome count doubled with Oryzalin 
after increase of explants in tissue culture. 
F1 (M. grandiflora × M. virginiana) × (M. insignis autotetraploids) which 
are hopefully fertile allotetraploids for advancement to the next generation 
via full sib crosses 
F2 If fertile, hybrid tetraploid offspring with recombination, resulting in 
greater potential for introgression of flower color into a plant that 
resembles M. grandiflora. Hopefully fertility is maintained in these 
tetraploids for crosses with other selections.  
 
 The future breeding work likely to generate manycultivars is the ongoing 
hybridization of species in Section Michelia. The complex cross (M. foveolata 
‘Shibamichi’ × M. laevifolia ‘Gail’s Favorite’)  M. figo var. crassipes has already 
generated novel color and pattern variations (Figure 5.2).  
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Figure 5.2. [M. foveolata ‘Shibamichi’ (Section Michelia) × M. laevifolia ‘Gail’s 
Favorite (Section Michelia)] × M. figo var. crassipes (Section Michelia), demonstrating 
novel pigment interaction in Magnolia. 
The interaction of anthocyanins and carotenoids described by Cooley and Willis 
(2009) with Mimulus hybrids suggests great opportunities for continued variation to arise 
in Magnolia.  The following scenario has already been successfully initiated, with no 
apparent reproductive barriers to inhibit advancement. 
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Section Michelia Crossing Scenario 
Parental Cross A M. foveolata ‘Shibamichi’ × M. laevifolia ‘Gail’s Favorite’  
Parental Cross B M. laevifolia ‘Gail’s Favorite’  M. maudiae 
F1-A  cross F1 A  M. figo var. crassipes (complex tri-parent hybrid)  
F1-B   cross F1 B  M. figo var. crassipes (complex tri-parent hybrid) 
 
Each complex hybrid above could then be crossed with each other, backcrossed to F1 
options, or backcrossed to original parent species for more direct introgression of color or 
late flowering (M. figo var. crassipes), size and fragrance (M. maudiae or M. foveolata), 
or cold hardiness, foliage texture and sheen (M. figo var. crassipes or M. foveolata).  
 
Phenotypic Variation Analysis 
Analysis of phenotypic variation provides valuable guidance to breeders. If intermediate 
phenotypic variability to the parental taxa is desired in the progeny, intrasectional 
hybridization is the most reliable approach based on these results. If development of 
extreme phenotypes is desired, then intersectional hybridization is more likely to provide 
this result because transgressive segregation disturbs the epistasis of complimentary 
genes. This knowledge is useful because it suggests wide hybridization could provide a 
more direct route to recombination of desirable traits, such as leathery, evergreen foliage 
and pink flowers. These results indicate further analyses of phenotypic variation in 
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Magnolia may demonstrate that the presence of negative heterosis in multiple traits 
defines wide hybridization. As new interspecific hybrid populations reach maturity, floral 
morphometrics should be analyzed for an additional measure of phenotypic variation. 
Molecular Variation Analysis 
The results obtained from molecular variation analyses are promising for ongoing 
breeding because the polymorphism percentages reveal similarly diverse F1 
populations can result from these intrasectional and intersectional crosses. 
Variations in flower color, flower phenology, foliage size, and foliage retention 
should be abundant as generations of crosses proceed. Also important in the 
molecular results are the identification of species-specific bands and the 
recognition of those in the individuals within the progeny selected as cultivars. 
These can be used as makers to verify the identity of cultivars in cases of patent 
infringement.  
Analyses of novel hybrid combinations and parental species from 
additional sections will continue to improve the understanding of genetic distance 
and structure in Magnolia. It would also be interesting to add the offspring of the 
complex cross (M. foveolata ‘Shibamichi’ × M. laevifolia ‘Gail’s Favorite) × M. 
figo var. crassipes to the current analysis to learn if genetic distance continues to 
significantly increase with each new interspecific influence.  
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Long Range Outlook for New Interspecific Magnolias 
There will be a day when pink evergreen magnolia trees are commonplace, large 
flowered deciduous magnolias will bloom later than all frosts, and some gardeners may 
find that magnolias will be a wonderful spring blooming substitute for camellia or a 
better evergreen hedge than ligustrum. 
Having personally witnessed a rise, fall, and rebound of the southeastern nursery 
industry over the past 30 years, nurserymen will find great value in the introduction of 
new magnolias, particularly the new Section Michelia hybrids because they expand the 
hardiness range, provide new variation in flower color, have acceptable rooting 
percentages, and a compact growth habit conducive to container culture. Each of these 
characteristics lend promise to popularity and enhanced sales potential, to keeping 
nurseries in business and put food on the table of the owners and employees. If any of 
these hybrids do that for others, then this work has been fruitful. 
More far reaching than the arrangement of taxonomic boxes and consumer 
popularity are the implications of potential naturalization and speciation of new hybrids. 
With magnolia hybrids having comparable polymorphism percentages to other woody 
plant species, they could serve as a model for speciation, given the intrasectional hybrid 
had a sibling population with 35.7% polymorphism in small sampling of 11 siblings, and 
the intersectional hybrid had a 41.6% polymorphism. Sibling polymorphism, excluding 
parents, is emphasized because they will be horticultural commodities. The parents, as 
scarce species tucked away in botanical gardens, are less likely to be part of a population 
in a built landscape environment. If we do factor the parent species into the 
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polymorphism percentages (60% in an intrasectional hybrid and 67% in an intersectional 
hybrid), as hypothetical populations these become comparable to the most highly 
polymorphic species reported by Hamrick et al. (1979). It becomes easy to consider these 
populations having the ability to experience adaptive radiation. If several cultivars are 
selected from these hybrids and become prevalent in commerce, the polymorphism 
present in a small collection could still be adequate for localized naturalization to occur, 
given movement of seed by birds to mesic habitats.  
While it is rewarding to have an imaginative philosophical journey into future 
epochs about the chances these new hybrids have to survive and adapt to climate change, 
others may be concerned about invasiveness. Horticulturists in the nursery and landscape 
industry bear the burden of monitoring new introductions. Biological lag times between 
introduction and naturalization will be different depending on plant family or point of 
origin, particularly if they fit the template of concern outlined in Harris et al. (2009).  
Magnolias have not been regarded as invasive, non-native plants because of (1) lack of 
fertility due to odd ploidy levels in some of the most widely distributed hybrids such as 
M. × soulangeana and M. liliiflora ×M. stellata introductions, and (2) cold damage to 
early flowering Asian species in the majority of North American and European gardens. 
When breeding objectives include delayed flowering, an environmental barrier to 
reproduction erodes. Perhaps the most appreciated hybrids to come out of this work will 
not be the combinations that readily provide advanced generations. The new 
intersectional hybrids with limited fertility, maintained through cultivar introductions 
from F1 progeny and clonal propagation may become as engrained in horticulture as M. 
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×soulangeana. Magnolias offer aesthetic rewards in the variation held in each crop of 
seedlings. Breeders must be mindful of the proper balance between environmental 
responsibility and financial reward.  
The results achieved in this work are important in specific ways to different 
groups including taxonomists, horticulturists, the nursery industry, and home gardeners. 
Hopefully, the breeding accomplished in this effort will provide taxonomists with 
subjects for investigation, horticulturists with new genetics for ongoing selection, the 
nursery industry with cultivars fit for commerce, and gardeners with an expanded 
understanding of what magnolias can contribute to a landscape. The philosophical prize 
of this work is the revelation that sometimes serendipitous combinations arising from 
species with surprising affinities for one another simultaneously yield the most beauty, 
vigor, and scientific merit. 
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